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INTRODUCTION
One of the major problems confront ing  the sheep industry  in 
A u s t r a l i a  i s  i n f e r t i l i t y .  Fort/ m i l l i o n  sheep or  one -th i rd  of the total 
sheep population are grazed in areas where high ambient temperatures and 
poor n u t r i t i o n  are major causes of f lock  i n f e r t i l i t y .  I t  has been found 
that  approximately 40% (a tota l of 16 m i l l ion )  of  the ewes in these areas 
f a i l  to  rear a lamb. The presence of i n f e r t i l e  rams in these f locks  was 
considered to be a major cause of low f lock  f e r t i l i t y  (Anon. 1969; Gunn 
et^al^ 1942; Moule, 1950; Smith 1962, 1964.)
Thousands of rams are examined annually  for  f e r t i l i t y  by pa l ­
pation of  the scrota l  contents. This  method i s  commonly used by v e t e r i ­
nar ians  and lay sheep c la s s e r s  for c u l l i n g  rams. At times, the examina­
t ion  may include appraisa l  of a semen sample co l lected  by e le c t ro -e jacu ­
la t ion .  Manual pa lpation is  l imited for  3 reasons:
1. The true nature of detected abnormal i t ies  cannot be determined;
2. Other les ions  may be present which cannot be detected; and
3. The e f fec t  of les ions  upon spermatogenesis cannot be determined.
I t  i s  rather s u r p r i s i n g  that previous  in ve s t i ga t io n s  into ram i n f e r t i l i t y  
have made l i t t l e  attempt to study the e f fe c t s  of var ious  abnormali t ies  of  
the sc rota l  contents upon spermatogenesis.
Th is  study was p r im ar i l y  a gross  pa tho log ica l ,  h i s t o p a th o lo g i -  
call,and m ic rob io log ica l  examination of the scrota l  contents of  Merino rams 
presented for  s laugh te r  at Anchorage Butchers Pty. Ltd., a large central 
ab a t to i r  near Perth, Western A u s t ra l i a .  The rams varied in age and o r i ­
g inated from a wide area in the a g r i cu l tu ra l  region of Western A u s t ra l i a .
The terms " t e s t i c u l a r "  and " s c r o t a l "  in the t h e s i s  are used genera l ly  and 
include a l l  the var ious  s t ructu re s  which comprise the sc rota l  contents.
The ob ject ive s  of t h i s  study were:
I. To determine the var ious  abnormali t ies  o f  the scrota l  contents of  
cu l led  Merino rams and to a ssess  t h e i r  e f fec t s  upon spermatogenesis.
2 .
2. To estimate the incidence of t e s t i c u l a r  abnormal it ies  which are 
un l i ke ly  to be detected by c l i n i c a l  pa lpation.
3. To study normal spermatogenesis in Merino rams represent ing the 
ful l  reproduct ive l i f e  of  t h i s  breed.
4. To determine the importance of Bruce I I a ovi s in fect ion  in Merino 
rams in Western Au s t ra l i a .
The previous  l i t e ra tu re  on t e s t i c u l a r  abnormali t ies  and spe r ­
matogenesis o f  the sheep and other species i s  reviewed in the the s i s .
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REVIEW OF LITERATURE
I. INCIDENCE OF ABNORMALITIES OF THE SCROTAL CONTENTS
A. Merino Rams
In Western A ustra lia  there has been no u t iliz a t io n  of post­
mortem material for investigation of the incidence or type of abnormality 
of rams, and l i t t l e  from other areas of A u stra lia . Most reports of scro ­
ta l abnormalities in rams of A ustra lia  were the resu lts of c l in ic a l exami­
nations. (Table I). The most common form of abnormality reported was 
ep id idym itis , with hypopI asia/atrophy second in importance.
B. Bovine Animals
Reports of surveys in Denmark on the incidence of te s t ic u la r  
abnormalities of bu lls (Blom and Christensen 1947, 1956) indicated a num­
ber of pathological e n tit ie s  in th is  species which have not been reported 
in rams. They included paradidymis, segmental ap lasia of the W olffian duct,
3and melanotic pigmentation of the epididymis. Further post mortem 
examination of rams''may reveal s im ila r lesions,
I I . TYPE OF ABNORMALITY OF THE SCROTAL CONTENTS 
A. Abnormalities of the Epididym is.
I . Ep ? d idymi t i s
(a) Bruce I I a ovi s
( i )  lso lation_of 'fh® organism f rom_natura I i nfect ions
Numerous reports of the iso lation of Bruce I I a ov? s from the , 
epididymis, or occasionally, foetal membranes, have been made by Simmons 
and Hall (1953), Clapp, Symons and Doolette (1955), Hall (1955), Watts 
(1955), Keogh, Doolette and Clapp (1958), Snowdon (1958), Clapp, Keogh and 
Richards (1962), Ryan (1964), Hughes and Claxton (1968) and Haughey, Hughes 
and Hartley (1968) in A u stra lia , by Buddie and Boyes (1953), Edgar, Inkster 
and MacDiarmid (1956) and Edgar ( 1959b) in New Zealand, by Kennedy, Fraz ier 
and McGowan (1956), McGowan and Schultz (1956) and B iberste in  and McGowan
5.
(1958) in the United States of America, by Szyfres and Chappel (1963) in 
Argentina, by Van Rensburg, Van Heeden, Le Roux and Snyders (1958) 
in South Africa, by Gdovin, Hrudka and Keppel (1955) Gdovin, Hrudka, 
Chladecky and Keppel (1956) and Niznansky, Gdovin, Gameik and Bogdan (1961) 
in Slovakia, and by Tudoriu, Andrei, Draghici and Moldoveanu (1957) in Ru- 
man i a .
(ii) Taxonomic £osPH on of_the organism
The organism isolated by McFarlane, Jebson, Hartley, Salisbury, 
McClure and Osborne (1952) was identified by Buddie and Boyes (1953) as 
Br. ovis. The latter authors originally regarded the organism isolated 
by Simmons and Hall (1953) as a stabilised mutant of Br. me I i tens ? s . Buddie 
(1956) later proposed that the organism of Simmons and Hall also be desig- 
nated Br. ovis as it and other strains examined from New Zealand, Queens­
land, New South Wales, Victoria and South Australia all shared identical 
agglutinating antigens. Br. ovis was also found to share antigens with 
rough strains of Br. abortus and Br. me I?tens ? s , but did not share the 
smooth MAM and "M" antigens (Buddie 1956; Renoux and Mahaffey 1955; Clapp 
et_ aj_ (1955). The organism has sufficient characteri sties in common with 
the genus Bruce I la to warrant its inclusion in the genus, and also suffi­
cient differences to other species to warrant separate species designa­
tion and the name Br. ovis seems to be gaining general acceptance (Merchant 
and Packer 1967). Some workers, however, are unconvinced that this organ­
ism belongs to the genus Bruce I la (Lawrence 1961). Meyer and Cameron (1956) 
considered that the organism resembled more closely a Neisseria in its me­
tabolic activity, and Kennedy ei^aj_(l956) claimed it shared more charac­
teristics in common with HaemophiI us.
(Hi) Patho logi c_changes.
The lesion commonly observed in natural and experimental in­
fections is chronic epididymitis characterised by enlargement of the taii
/
of the epididymis accompanied by varying degrees of adhesion of the layers
of the tunica vaginalis. Fibrosis and spermatic granulomas are commonly 
present. Occasionally the head of the epididymis, sometimes the entire 
epididymis, may be involved. Both bilateral and unilateral chronic epi­
didymitis has been observed (Simmons and Hall 1953; Doolette 1953; Hart­
ley, Jebson and McFarlane 1955; Jebson, Hartley, McClure and McFarlane 
1955; Miller and Moule 1954; Kennedy, Frazier and McGowan 1956; Biberstein, 
McGowan, Olander and Kennedy 1964). Acute epididymitis was usually ob­
served in experimental rams (Simmons and Hall 1953; Jebson et_ aj_ 1955; 
Kennedy et_ a_l_ 1956; Biberstein et_ a_l_ 1964) and a characteri sti c histopa- 
thological finding was cystic degeneration of the lining of the epididymal 
duct (Biberstein et_ aj_ 1964).
(iv) Experimental j_nfecti_on_of_smaI i_laboratory animaIs
with Br\ ovis
Experimental infection of guinea pigs by Simmons and Hall (1953) 
Buddie and Boyes (1953), Buddie (1956) and Anon (1957) showed that the or­
ganism would persist and could be recovered from the spleen of adult 
guinea pigs for as long as 50-70 days after intraperitoneal injection. In 
the pregnant female it produced foetal death. Rabbits generally had no 
macroscopic lesions, although Buddie (1956) found necrosis of one testis 
and acute inflammation of the corresponding epididymis in two rabbits af­
ter intravenous inoculation with Br. ovis. This organism was recovered 
from the tail of the epididymis and the spleen. Rats have been easily in­
fected by intratesticuIar injection and the resultant disease was roughly 
analogous to that in rams (epididymitis, orchitis and periorchitis). As 
in rams the tail of the epididymis was most commonly affected, a notable 
feature being the large numbers of organisms present (Kennedy et_ aj_ 1956).
(v) Problems of detecting Br. ovis in rams
the diagnosis of
It is apparent from past investigations that/ovine brucellosis 
in rams necessitates a number of different types of examination incorpora­
ting clinical examination, complement-fixation (CF) and attempts at iso-
7 .
l a t io n  o f  b a c te r i a  (Lawrence 1961). No s i n g l e  method i s  e n t i r e l y  s a t i s ­
f a c t o r y .  P a lp a t io n  o f  t e s t e s  may f a i l  to detect  rams shedd ing  Br. o v i s  
in the semen and rams with  pa lpab le  l e s i o n s  s u g g e s t i v e  o f  Br.  o v i s  i n f e c ­
t i o n  may in f a c t  y i e l d  o th e r  organ isms  (Edgar  1959b). For i h e se  reasons  
p a lp a t i o n  a lone  has been regarded as an u n re l i a b l e  method ( B i b e r s t e i n  
and McGowan 1958; Snowdon 1958; Edgar 1959b; Keast  1962; Hughes and C l a x -  
ton 1968). A l though  more accurate  than p a lp a t io n ,  semen samples may a l s o  
prove u n s a t i s f a c t o r y  because some rams excre te  o rgan isms  i n t e r m i t t e n t l y  
in the semen (Edgar  1959b; Hughes and C laxton  1968). For these  reasons 
Edgar  ( 1959a)recommended e v a lu a t i o n  o f  semen on th ree  d i f f e r e n t  o cca s ion s  
o ve r  a pe r iod  o f  6 weeks. The C.F.  t e s t  i s  u s u a l l y  accu ra te  e s p e c i a l l y  
when used on a f l o c k  b a s i s  ( B i b e r s t e i n  and McGowan 1958; Ryan 1964; Hughes 
and C lax ton  1968). However a low number o f  f a l s e  p o s i t i v e  re a c t io n s  may 
occu r  (Ryan 1964) though f a l s e  nega t ive s  occu r  more f requen t ly  (Hughes 
and C lax ton  1968) p o s s i b l y  due to  the t r a n s i e n t  nature o f  the C.F. a n t i ­
body response  even in the event  o f  p e r s i s t e n t  i n fe c t i o n  ( B i b e r s t e i n  et ai 
1964). For these  rea sons ,  Go r r ie  and Rush ford  (1969) emphasised the need 
f o r  repeated C.F .  examinat ions  in con tro l  and e r a d i c a t i o n  programmes.
De sp i te  the above ev idence,  e x c e l l e n t  r e s u l t s  in the contro l  
o f  e p i d i d y m i t i s  caused by Br. o v i s  have been reported u s in g  on ly  manual 
p a lp a t i o n  (Osborne 1955; M i l l e r  pe rs .  comm.). The evidence,  however, 
s t r o n g l y  i n d i c a te s  t h a t  whatever the method used f o r  the e r a d i c a t i o n  of 
Br.  o v i s , repeated examinat ion  i s  neces sa ry ,  and t h a t  a combinat ion o f  
p a lp a t i o n ,  b a c t e r i o l o g i c a l  examinat ion  o f  the semen and C.F. examinat ion  
o f  serum i s  most d e s i r a b le .
(b) B a c t e r i a  Other  Than Br.  o v i s
Le s ion s  in the s c r o t a l  contents  resembling  ov ine  b r u c e l l o s i s  
may y i e l d  o the r  organ isms.  Corynebacteriurn o v i s  and Corynebacter i  urn
pyogenes are  common i s o l a t e s  (Gunn, Saunders and Granger 1942; Simmons 
and Hal l  1953; Edgar  1.959b; S h o r t r i d g e  1962; Ekdahl,  Money and Ma rt in  1968).
A Gram-negat ive  pleomorph (Dodd and H a r t l e y  1955; Ekdah I et_ at_ 1968), 
P a s t e u r e l l a  p se u d o tu b e rc u lo s i s  (Jamieson and S o l t y s  1947; Ekdahl e t  al 
1968), S t rep tococcu s  spp.,  S taphy lococcus  spp . ,  P a s t e u r e l l a  h aem o ly t i c a , 
P a s t e u r e l l a  m u l t o c id a , B ac te ro ide s  and Br. abortus  (Ekdahl ejt^  aj_ >968) 
have o c c a s i o n a l l y  been i s o l a t e d .  The i s o l a t i o n  o f  Act inobac i  I I us sem in i s  
o r  A . semi n i s  — I i  ke organ isms  have been reported with  i n c r e a s i n g  frequency 
in A u s t r a l i a  (Baynes and Simmons I960, 1968; Galloway 1966; Watt 1966), in 
New Zealand (Ekdahl et_aj_ 1968) and in South A f r i c a  (Worth ington  and B o s ­
nian 1968; Tonder and Bo l ton  1968).
(c) T rauma
The f a i l u r e  to  i s o l a t e  b a c te r i a  from ch ro n i c  e p i d i d y m i t i s  in 
many rams has led to  the s u s p i c i o n  t h a t  trauma may be the a e t i o l o g i c a l  
agent invo lved  (Gunn et_ aj_ 1942; Carro l  1949; Watts 1955),  Traumat ic  
e p i d i d y m i t i s  has been recogn ised  in Dorse t  Horn rams ( P u l s f o r d ,  E a s t i c k ,  
Clapp and Roberts  1967).
( d ) Spermat ic  Granulomas, Spermatocoe Ies  and Spermat ic  C y s t s
( i ) Nomenclature
A I oca I i sed col I e c t ion  o r  accumuI ati  on o f  sperm w i th in  a d i l a ­
ted epid idymaI  duct i s  termed a spe rm atocoe Ie . Many spermatocoe Ies  may 
form spermat ic  granulomas which r e s u l t  from e x t r a v a s a t i o n  o f  sperm in to  
the i n t e r s t i t i u m  o f  the ep id id ym is  (Jubb and Kennedy 1970)* Both these  
c o n d i t i o n s  have been g iven  the  genera l  name of spermat ic  c y s t s  (Blom 
C h r i s t e n se n  1947). Spermatocoe Ies  in the t e s t i c u l a r  t i s s u e ,  and the e p i ­
d idym is ,  have been detected in Merino rams (persona l o b s e r v a t i o n s ) .
( i i )  P a th o lo g i c a l  changes
Spermatocoe Ies  and spermat ic  granulomas are s i m i l a r  g r o s s l y .  
The a f fe c te d  p a r t  o f  the e p id id ym is  i s  en la rged  and c on ta in s  a c o l l e c t i o n  
o f  pa l e  green o r  pa l e  o r  dark ye l l ow mi l ky  o r  caseated mater ia l  which i s  
su rrounded by a capsule'."* In t h i s  regard they resemble abcesse s  from which
8 .
0Corynebacteria species have been isolated. The enlarged epididymis is 
often surrounded by various degrees of adhesion of the tunica vaginalis. 
Histologically, there is dilation, degeneration of epithelium, spermio- 
stasis and degeneration. If sperm extravasation occurred into the inter- 
stitium, there is a granulomatous reaction. (Jubb and Kennedy 1970).
In Merino rams, spermatic granulomas or spermatocoeIes are a characteris­
tic feature of chronic epididymitis, especially in the tail (Gunn et a I 
1942; Miller and Moule 1954); In man spontaneous spermatic granulomas 
have been frequently observed in the epididymis, especially in the head 
(Simmonds 1921; Obendorfer 1931; Orsos 1941; Steinberger and Strauss 1947; 
Cronqvist 1949; Friedman and Garske 1949; Rieger and Fuller 1953; Sundara- 
sivarao 1955); and in cattle spermatic cysts have been observed in the epi­
didymis, especially in the head and body (Blom and Christensen 1947, 1950, 
and I960; Gustafsson 1966).
(i i i) Cause and j)athocjenes i_s
The cause of these conditions is often unknown. In some rams 
the lesions were bacterial but the majority were non-infectious. In other 
species, including man, the incidence of infectious agents appears to be 
low, although suspected. The conclusion has been reached that in man, 
most lesions are of congenital aetiology, especially when present in the 
head of the epididymis (Glassy and Mostofi 1956). In bulls too, congenital 
abnormalities, namely one or more blind efferent tubules and segmental ap­
lasia of the Wolffian duct, have been associated with spermatocoeIe forma­
tion (Blom and Christensen 1947, 1950, and I960; Gustafsson 1966). The 
early change observed in spermatocoeIes is spermiostatis but the cause of 
this is frequently unknown (Blom and Christensen I960). Occlusion of the 
epididymal duct appears to be necessary for sperm stasis to occur and pres­
sure effects due to sperm accumulation develop and result in duct dilation, 
possible breakdown of the epididymal duct and extravasation of sperm (Glassy 
and Mostofi 1956). Experimental cutting and ligation of the duct has pro-
duced spermiostasis and spermatic cyst formation (Gustafsson 1966). De­
generation of accumulated sperm may result from sperm agglutination due 
to circulating antibodies against sperm (Rumke and Hellinga 1959; Glynn 
and Holborow 1965). Degenerating sperm release hyaluronidase which is 
capable of destroying the ductal epithelium and releasing sperm into the 
interstitium (Blom and Christensen I960). Pressure atrophy of the ductal 
epithelium also assists in this destruction. Extravasation of sperm ap­
pears to be inhibited by phagocytosis of sperm by cells lining the epidi- 
dymaI duct (Phadke and Phadke 1961; Phadke 1963, 1964) and Sertoli cells 
(Sapsford 1963), and reduction of pressure due to resorption of fluids in 
the head of the epididymis (Crabo and Gustafsson 1964; Crabo 1965).
2. Disturbances i n_Growth of the Epi_didymis
Congenital anomalies resulting in total or segmental aplasia 
have been seen in Merino rams (Gunn e+_ aj_ 1942; Miller and MouIe 1954) 
and man (Michelsen 1949; Murnaghan 1959). These anomalies in the bovine 
have been interpreted as embryologicaI aberrations of the Wolffian ducts 
(Blom and Christensen 1947; Ashdown 1958; Gustafsson 1966; Nieberle and 
Cohrs 1967). In man, abnormalities of the Wolffian (Mesonephric) duct, 
Wolffian body (Mesonephros) and Mullerian duct have caused the formation 
of an appendix on the testis and epididymis (Michelsen 1949 ,* Sundaras i varao 
1953 ; Murnaghan 1959 * Willis 1962).
B . Abnormalities of the Testes
I. Measurements Used for_SeI ecti_ng_NormaI Testes
High correlation has been found between body and testicular 
weight of young rams and lesser correlation between age and testicular 
weight of young rams (Watson, Sapsford and McCance 1956). Older rams, 
however, have not been studied. In cattle testicular weight and its cir- 
cumference are highly correlated (Willet and Ohms 1957).
Studies on "'Spermatogenesis of the testis as a whole were 
satisfactorily achieved by examining just one sample from the periphery
of the testicular tissue in cattle (Amann 1962), pigs (Kennelly and Foote 
1964), mice (Oakberg I956a,b)and rats (Roosen-Runge 1951). Quantitative 
studies of spermatogenesis often involve measurements of thickness of 
the tissue section and satisfactory results have been achieved by an 
optico-mechanicaI procedure (Hallen 1956, 1962).
2. PathoJ_og i ca_[_changes
The season of the year has an important effect on ram 
fertility. A non-breeding season in British breeds of rams (Maqsood 1951) 
has not been reported in Merino' rams in Australia. Nutrition, photo- 
periodism, temperature, humidity and mating behaviour are some of the 
important factors affecting ram fertility (Clegg and Ganong 1969; Ortavant 
et aj_. 1969). The effect of these factors on spermatogenesis are 
discussed in this review, bearing in mind that ram infertility may not 
necessarily be caused by abnormal spermatogenesis. In rams, the principle 
seasonal or environmental factors affecting spermatogenesis so far studied 
are photoperiod ism and temperature (Ortavant et_ aj_. 1969). These two 
factors and others will be discussed in the following pages.
(a) Testicular atrophy
Testicular atrophy may be difficult to distinguish from 
testicular hypoplasia on gross or microscopic examination (Gunn et_ aj_. 1942 
Jubb and Kennedy 1970). Distortion of the testis due to fibrosis may 
identify testes which are atrophied (Miller and Moule 1954) though some 
testes are both atrophied and hypoplastic (Jubb and Kennedy 1963). 
Testicular atrophy is characterised by small firm testes and the frequent 
presence of a brown pigment known as "wear and tear pigment" (Jubb and 
Kennedy 1970) or lipofuscin or lipochrome granules (Phadke 1963).
Atrophied ram testes are similar to atrophied testes described in bulls 
(Webster 1932; Willet and Ohms 1957; Knudsen 1958; McEntee 1958;
Ga I loway 1961).
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(b) Orch i tis
Acute orchitis has resulted from: dipping sheep in fluids 
containing arsenic, fly "strike” (Gunn et_ aj_. 1942), local trauma from 
shearing injuries, grass seeds, bites by dingoes and systemic infection 
(Millar and Moule 1954). Purulent epididymo-orchitis has occurred on 
rare occasions and Br. ovis (Miller and Moule 1954), Acti nobaci I I us 
Iignieresi (Laws and Elder 1969) and a pleomorphic gram negative bacillus 
(Dodd and Hartley 1955) were isolated.
(c) Testicular degeneration 
( i )
Early stages of degeneration are characterised by failure of 
maturation of sperm and formation of mu 11inucIeated giant cells from the 
spermatocytes (Jubb and Kennedy 1970; Nieberle and Cohrs 1967). These 
authors also described severer forms of degeneration in which there is 
collapse of the seminiferous tubules, interstitial fibrosis and 
hyaIinization of peritubular areas, and dystrophic calcification of both 
static, degenerated sperm and degenerated seminiferous epithelium.
(i i ) Aetj_oJ_og_i_caJ__factors
The main causes of testicular degeneration in domestic animals 
have been described by Jubb and Kennedy (1970). The following were 
described: thermal degeneration; vascular lesions; obstructive lesions 
in the head of the epididymis; autoimmunity; noxious agents; and hormonal 
factors. Most of these causes are described in this review both in this 
section and also in other parts of the review.
Excessive heat and thermo-reguIatory mechanism
Studies with Merino rams frequently demonstrated impaired semen 
quality and fertility when they were exposed to high ambient atmospheric 
temperatures (Gunn et aj_. 1942; Smith 1962). Merino rams with excessive
skin fold were susceptible to these elevated ambient temperatures (Dun 
1964; Dun and Hamilton 1965; Fowler and Dun 1966). Exposure of the 
scrotum of experimental sheep, caftle, small laboratory animals or man 
to high temperatures has resulted in testicular degeneration, lowered 
sperm quality and reduced fertility of a temporary or permanent nature 
(Fukui 1923a, b; Moore 1924a,b; Moore and Oslund 1942a, b; Young 1927; 
Gunn erf a_l_. 1942; Moule and Knapp 1950; Casady erf £j_. 1953; Glover 
1955; Steinberger and Dixon 1959; Dutt I960; VenkatachaI am and 
Ramanathan 1962; Chowdhury and Steinberger 1964; Djanuar 1965;
Gustafsson 1966; Bowler 1967). Thermo-regulation of the testis is 
assisted by loss of heat from the scrotum (Crew 1922; Moore and Quick 
1924; Dahl and Herrick 1959; Waites and Moule I960, 1961; Waites 1962; 
Waites and Voglmayr 1963) and changes of blood flow in the testis and 
epididymis (Harrison 1949; Harrison and Weiner 1949; Kirby 1953).
In the ram, when scrotal temperature is artificially increased to 4I°C 
for 3 hours, the pachytene spermatocytes are rapidly destroyed (stage 8 of 
the seminiferous epithelial cycle). There is also a transient effect on 
spermatogonia I divisions with an increase of prophases and metaphases 
(Waites and Ortavant 1968; Ortavant et aj_. 1969).
Nutritional disturbances
In reviewing the effects of nutrition on post pubertal male 
reproductive performance, Moule (1963) concluded that the literature 
contained many opinions but little satisfying evidence on the lowered 
fecundity of post pubertal domestic animals on poor diets. Moustgaard 
(1969) pointed out that a nutrient deficiency may affect the development 
and function of the reproductive organs, either directly on the organs or 
indirectly via the endocrine system. He further stated that it may be 
difficult to decide which of the two mechanisms has the greatest 
influence on reproductive organs. However, numerous experiments have 
demonstrated the significance of nutrition on the normal functioning of the 
endocrine or neuroendocrine systems (Moustgaard 1969).
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Undernutrition in general
Underfeeding (70% of recommended allowances) of bull calves 
has been found to delay maturity (Bratton 1953; FI ipse at £]_. 1953).
Mann (1964) and Mann ejf aj_. (1956), using monozygous twin calves, found 
that underfeeding delayed the onset of secretion of citric acid and 
fructose, but the action on spermatogenesis was not equally marked. 
Underfeeding of bulls for many months revealed no change in spermatogenesis 
but citric acid and fructose levels in the semen fell (Mann and Walton 1953; 
Shirley ei^  a_[_- 1963). Rats fed on a low energy intake were found to have 
depressed secretory function of accessory sex glands. Administration of 
androgens and gonadotrophin restored the secretory function (Lutwak-Mann 
and Mann 1950; Mann and Lutwak-Mann 1951).
Reduction of testicular weight and testicular degeneration in 
rams (Setchell et_ aj_. 1965) and rats (Siperstein 1921; Jackson 1925;
Mason 1933) resulted from undernutrition. The rams had reduced testicular 
blood flow and the seminiferous tubular cells had a reduced uptake of 
oxygen and glucose (Setchell et_ a_l_. 1965). Degeneration of seminiferous 
tubules occurred in some rams given poor food but recovery occurred after 
resumption of a normal diet (Mori erf aj_. 1962). Similar results to rams 
have been observed in pigs (Dickerson et_ aj_. 1964).
Protein and energy
Marked degeneration of testicular epithelium was produced in 
bulls fed low levels of protein but under the conditions of the experiment 
conception rates were not affected (Meacham ei^  aj_. 1961). Reid et a I .
(1964) found no adverse effect on the gonads when low protein was fed to 
bulls. Branton (1947) also found that bulls given different feeding 
levels, above and below recommended maintenance requirements, and different 
intakes of protein showed similar non-return rates although sperm 
concentration was highest in bulls receiving the highest quantity of protein. 
Moustgaard (1969) concluded that optimal sperm production is likely to
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occur in bulls fed quantities of about 20% energy levels and 60$ to 70$ 
protein levels above maintenance requirements. In the ram testis, glucose 
is an important source of energy (Ann¡son et a]_. 1963; Setchell and Waites 
1964). Lysine appears to be an important constituent of protein in 
testicular tissue of some animals. In vitro studies showed that this 
element was more easily incorporated into the protein molecule of the tissue 
by the presence of adequate glucose (Davis and Morris 1963). A deficiency 
of some amino acids has caused reproductive failure in laboratory animals 
(Maun et_ a_l_. 1945a, b, 1946; Adamstone and Spector 1950). Amino acid 
deficiency is unlikely to occur in ruminants as they are able to synthesize 
specific amino acids (Moule 1963).
V i tami n A
The sheep liver has great capacity to store vitamin A even when 
deprived of an adequate source for about 6 months (Seawright 1970 pers.comm.). 
Therefore it has been difficult to reduce vitamin A levels sufficiently to 
analyse its effect upon ram fertility. However, low semen values have been 
found in rams deprived of vitamin A for long periods (Lindley et a I. 1949; 
Sapsford 1951; Dutt 1959). Also, temporary degeneration of the 
seminiferous epithelium has been induced in cattle and sheep with 
avitaminosis A but this effect was preceded by clinically obvious effects 
on vision and balance (Dutt 1959; Erb et a k  1944; Hodgson et a I. 1946). 
However in young boars, testicular lesions represented the early 
manifestation of avitaminosis A and lowered testicular weights and 
degeneration of spermatogenic epithelium was observed (Palludan 1966a).
This author found that intratesticuIar injection of Vitamin A could 
restore spermatogenesis in the immediately surrounding tissue (Palludan 
1966a, b).
Hyperv i tami nos i s A has produced degeneration of seminiferous 
epithelium and impaired fertility in cats as well as severe bone 
deformities in cats and pigs (Seawright 1970 pers.comm.). Excess vitamin A
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with and without vitam in E, has a lso  produced degeneration of seminiferous 
ep ithe lium  in ra ts  (Maddock et_ aj_. 1953).
Vitamin E
Vitamin E has been regarded by many workers as an important 
fa c to r  for normal reproductive performance. Moustgaard (1969) stated 
th a t  t e s t i c u la r  degeneration caused by a de f ic iency  in vitam in E or 
e ssen t ia l  f a t t y  acids is  apparently a lesion encountered only in ra ts  
and, poss ib ly , a lso  in hamsters. Such assoc ia t ion  has not been produced 
in the ram (B la x te r  and Brown 1952-).
Zi nc
Many pastures in Western A u s t ra l ia  are d e f ic ie n t  in zinc 
(Underwood 1966). I t  is  possib le tha t  t e s t i c u la r  hypoplasia in rams 
may be induced n a tu ra l ly  by zinc d e f ic ie n cy .  This cond ition has been 
reproduced in experimental rams fed zinc d e f ic ie n t  d ie ts  (Underwood and 
Somers 1969). These authors reported tha t zinc leve ls  required for 
normal t e s t i c u la r  growth ranges between 17.4 ppm and 32.4 ppm.
In ra ts ,  t e s t i c u la r  degeneration and atrophy has resulted 
from a zinc def i ci ent d ie t  (M i l la r  ei  ^ a_l_. 1958). Test i cu I ar t is sue  in 
these so treated  ra ts  had increased ribonuclease a c t i v i t y ,  decreased 
R .N .A .,  D.N.A. and increased non-protein nitrogen (Underwood and Somers 
1969).
Phyto-oestrogens
Rams grazing oestrogenic c lo ve r  dominant pastures in Western 
A u s t ra l ia  did not have impaired f e r t i l i t y ,  based on mating re su lts  
(Bennets et a_l_. 1946).
Meyer (1970) observed lac ta t ion  in rams grazing on c lo ve r  
dominant pasture but th e ir  f e r t i l i t y  was not impaired as assessed by 
examination of semen sdTnples taken by e le c t ro - e ja cu la t io n .
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Ageing
The subject of ageing and reproduction in the male has been 
reviewed by Bishop (1970). This author stated that degenerative changes 
in the testis often appear to be related to no other obvious factor than 
advancing age itself. It is generally accepted that advancing age is 
associafed with degenerative changes in the testis of man and domestic 
animals (Lancaster 1956; McEntee 1958; Bishop 1970; Rao 1971). In 
Merino rams the incidence of testicular abnormalities increased in older 
age groups (Gunn et a_l_. 1942; Moule 1950; Miller and Moule 1954).
(d) Hormonal disturbances
Moule and Mattner (1961) reported that the administration of 
stilboestrol to Merino rams produced degeneration of semen. The animals 
showed substantial recovery within six weeks of treatment ceasing.
Poor semen quality, characterised by bent tails and poor 
motility, has been observed in the epididymis of bulls 10 to 15 days after 
parenteral injection of oestrogens. This effect was apparently due to 
change in seminal plasma composition in the tail. However, the affected 
sperm could be stimulated, later, to motility and the tails of the sperm 
became normal (Gustafsson 1966). Administration of oestrogens to bulls 
and laboratory animals had variable effects upon the epithelium of the 
epididymis. In some, the cells decreased in height (Wagensei I 1928; 
Thorborg 1948; Cavazos 1958; Feagans et aj_. 1961; Holdstein 1965; 
Gustafsson 1966), whilst in others the cells increased in height and the 
basal layer cells were degenerated (Cupps and Briggs 1965). Some animals 
had cystic degeneration of the epididymal epithelium.
Th^ administration of oestrogens into various animal species 
has had variable effects on testes of those animals . Testicular tissue 
of bulls was mildly affected following the parenteral administration of 
oestrogens. Most of The seminiferous tubules examined were normal but
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a few were degenerated (Gustafsson 1966). However, administration of 
oestrogens to rats appeared to produce arrest of spermatogenesis (Clermont 
and Morgentaler 1955; Lacy and Lofts 1965). Lacy and Lofts (1965) 
produced degeneration of seminiferous epithelium in rats by prolonged 
inoculation of oestrogens. The effects seen were most severe in primary 
spermatocytes during prophase. The differential sensitivity of the germ 
cells exhibited in segments of tubules in different stages of the cycle of 
the seminiferous epithelium was responsible for marked variation in damage 
seen after I and 2 months treatment with oestrogen (Lacy and Lofts 1965). 
These authors also stated that the effect of oestrogenic hormone on the 
seminiferous tubules, both in inhibiting spermatogenesis and lipid/sterol 
synthesis by the Sertoli cells, was probably due to a deficiency of FSH.
When FSH was administered, spermatogenesis was restored and the lipid/sterol 
of the Sertoli cells reduced to normal levels (Lacy and Lofts 1965). Emmens 
(1969) stated that the effects of chronic oestrogen dosage simulated 
hypophysectomy. In the normal male androgens have some protective effect 
against oestrogen administration (Emmens 1969).
Lack, or imbalance of certain hormones, other than oestrogens 
affects spermatogenesis. Lowered hypophyseal gonadotropic hormones 
believed to be regulated in part by the effect of light, could be responsible 
for impaired semen quality in Merino rams (Gunn et_ £j_. 1942). Lack of 
stimulation to the seminiferous epithelium by hypophyseal hormone has been 
responsible for marked quantitative reduction in the spermatogenic cells 
and arrest of development of these cells at the spermatid stage in rats 
(Clermont and Morgentaler 1955). Ortavant and Courot (1964, 1967) found 
that in rats FSH and ICSH act on spermatogonia I division but that only 
ICSH influenced meiotic prophase and spermiogenesis to a great extent.
They concluded that ICSH acts either directly or by androgenic secretion. 
Testosterone proprionate has been shown to be of importance because, 
after hypophysectomy, 'this substance maintained or repaired spermatogenesis
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in rats, ground squirrels, pigeons and primates (Emmens 1969). Inoculation 
of androgens has produced testicular damage in very young rats and other 
laboratory animals at certain dose levels. This subject of androgen effects 
on the testis was reviewed by Dorfman and Shipley (1956). Emmens (1969) 
summed up recent views by concluding that "some yet undefined early stages 
of spermatogenesis are pituitary dependent, but that later stages can be 
maintained by androgens". In lambs, Courot (1967) demonstrated that after 
hypophysectomy the testicular weight and number of supporting cells were 
greatly decreased and gonocyte numbers increased more slowly than normal.
No spermatocytes were produced without gonadotropins in lambs (Courot 1967). 
It was concluded by Ortavant et (1969) that, "although the rate of 
speed of spermatogenesis cannot be affected by hormones such as 
gonadotropins or androgens, the yield of spermatogenesis is influenced by 
ICSH".
In man Johnsen (1970) found that the high correlation between 
spermatogenic status and gonadotropin excretion in the urine is due 
exclusively to an effect of the spermatozoa (= late spermatid). He 
concluded that the last stage of spermatogenesis involving the finishing 
and maturation of spermatozoa is the only stage involved in the testicular- 
hypophyseal feed-back mechanism. Decreased levels of androgens in bulls 
older than 5 years may disturb spermatogenesis (Hooker 1944).
Other hormones may also affect spermatogenesis. Maqsood 
(1952) and Brooks and Ross (1962) found that thyroxine stimulated 
spermatogenesis and thiouraci I inhibited it.
(e) NeopI asms
Testicular neoplasms are rare in sheep. Sertoli cell 
tumours (Shortridge 1962) and seminomas (Jensen and Flint 1963; Shortridge 
and Cordes 1969) have been reported but with less frequency than older 
dogs (Moulton 1961). '*• A particular strain of the Guernsey breed of cattle
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was reported to have a high incidence of interstitial ceil tumours (McEntee 
1958). In man, primary testicular neoplasms are rare (Collins and Pugh 
1964). The level of malignancy is increased in the cryptorchid testis 
(Dean 1935; Carrol I 1949).
(f) Congenital abnormalities .
(i ) I!}e_D2E!22l_d§y§l2BD[)2Di_2i_§§D)iDii§E2y§_§2iih2i.L2!I)
Histological development of the testis in the ram has been 
described by Ortavant (1952, 1954), Carmon and Green (1952), Watson et a I. 
(1956), Sapsford (1959, 1962a), Courot(l962) and Matukaite (1964). Similar 
studies have been carried out in cattle by Brigatti (1951), in the rat and 
mouse by Sapsford (1962b) and the rat by Leblond et_ £]_. (1963). Quantitative 
studies on the pattern and total length of seminiferous tubules in sheep 
and other species were reported by Bascom and Osterud (1925). Total tubule 
length for the ram was 4,000 metres compared with 5,000 metres in the bull 
and 250 metres for man. The spermatogenic cycle in the ram has been 
described by Ortavant (1959) and Foote 1962) and is similar to the 
spermatogenic cycle in the bull (Ortavant 1956) but there are quantitative 
variations (Clermont and Morgentaler 1955; Nelson 1955). The spermatogenic 
cycle has been described in the rat (Leblond and Clermont 1952), in the 
mouse (Oakberg 1956a, b), and in man (Clermont 1963).
(i i) Cryptorchjd i sm
Inc i dence
The reported incidence of less than \ % cryptorchidism in Merino 
rams in Australia (Gunn et_ a_l_. 1942; Moule 1950; Miller and Moule 1954) is 
lower than the incidence in strains of sheep in other countries (Glembockii 
and Moiseev 1936). Cryptorchidism has been observed in many other species 
including man (Couvreux 1943; Blom and Christensen 1947; Johnston 1965).
Cause
Cryptorchidism is attributed to an hereditary factor transmit fed 
by the male, is dominant in the horse and recessive in most other species 
(Warwick 1931; Couvreux 1943). Abnormal karyotypes indicative of 
chromosome abnormalities, have been observed in man (de la Chapelle et a 1. 
1965; Hortling et a_l_. 1965). A causal relationship between inheritance 
of horns and cryptorchidism (Altenkirch and Wessely 1963) was not observed 
by ArcuIari us (1961).
Defective retraction of the gubernaculum testis has been proposed 
as the primary mechanical factor responsible for failure of proper descent, 
in cryptorchidism (Nieberle and Cohrs 1967).
Pathology and pathogenesis
The characteristic cryptorchid testis is small and lacks 
normal spermatogenesis (Jubb and Kennedy 1970; Nieberle and Cohrs 1967). 
Microscopically, affected areas may be focal or widespread and undifferent­
iated cells are prominent (Nieberle and Cohrs 1967). Corpora amyIacea-Iike 
bodies seen in the tubules have been regarded as displaced spermatogonia 
(Crew and Fell 1922; Blumensaat 1929; Bieger e+_ aj_. 1965). Metabolic 
enzymatic and histochemica1 abnormalities have been observed in ovine 
cryptorchids (Blackshaw and Samisoni 1967).
In man it appears likely that hormonal disturbances and excess 
heat are associated with degenerative changes of the seminiferous epithelium 
seen in cryptorchid testes. In this regard, gonocytes were normal in
cryptorchid testes of children during pre-puberty but progressive 
degenerative changes developed from puberty into post puberty (Mancine et a I. 
1965). Normal spermatogenesis usually eventuates if the cryptorchid testis 
can be drawn down into a normal scrotal position, by surgery, and provided 
the patient is less than about 12 years of age (Mancine et £j_. 1965; Spork 
and Mitchell 1969). Jubb and Kennedy (1970), however, stated that in
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domestic animals, hyperthermia of the testis in the abdominal environment 
was responsible for degenerative changes observed in cryptorchid testes.
Human Chorionic Gonadotropic hormone (HCG) is used successfully to induce 
descent of testes in certain types of human cryptorchidism (Thompson et a I. 
1937).
In cryptorchidism and many other testicular abnormalities of 
man, where there is decreased spermatogenesis, there is increased production 
of gonadotropins (Johnsen 1970). These high levels were associated with 
disappearance of spermatozoa from the testis (Johnsen 1970). This author 
concluded that at the stage of sperm maturation, rather than other stages 
of spermatogenesis, there is a feed-back mechanism from the testis, which 
inhibits gonadotropin production. In cryptorchidism, and other conditions 
where there is oligospermia, there is no hypophyseal inhibitor and so 
gonadotropin levels are high. The nature and exact location of the 
gonadotropin inhibitory substance is unknown but it is postulated that it 
may arise from (I) split off cytoplasm of spermatozoa, which form residual 
bodies (Johnsen 1964), or (2) Sertoli cells influenced by changes in the 
spermatogenic cycle (Brokelmann 1963), or (3) a combination of (I) and (2) 
in which residual bodies containing necessary information and material are 
phagocytosed by Sertoli cells and induce steroid production in the latter 
cells. The steroid so produced is said to act as a gonadotropin inhibitor 
(Lacy 1967).
In man, cryptorchidism and a testicular feminization syndrome 
have been differentiated morphologically and the latter appeared to be 
more malignant (O’Leary 1965). However, malignancy is not uncommon in the 
cryptorchid testis (Dean 1935; Carrol I 1949).
(i i i ) HypoQj_as_i_a
Some difficulty has been experienced in distinguishing testicular 
hypoplasia from testicular atrophy (Jubb and Kennedy 1970); this has made 
it difficult to assess the incidence of testicular hypoplasia.
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Testicular hypoplasia has been recognised in Ho Istein-Friesian 
and Swedish Highland cattle, in Sweden. The condition in thesebulls is 
inherited as a simple autosomal recessive gene with incomplete penetrance 
and very variable expressivity (Lagerlb'f 1934, 1948, 1951; Eriksson 1950; 
Settergreen 1964). In the Hoistein-Friesians, sticky chromosomes and 
mu 11i-spindIe formation have been observed (Knudsen 1961a, b) as a 
manifestation of congenital testicular hypoplasia. Testicular hypoplasia 
has been observed in rams with XXY sex chromosomes, a condition resembling 
Klinefelter’s syndrome in man (Bruere et aj_. 1969). The possibility that 
testicular hypoplasia in Merino rams in Western Australia may be induced by 
zinc deficiency in the pastures, has been discussed (vide supra).
(g) Infectious diseases
Infectious diseases involving the testicular parenchyma are 
uncommon in sheep. This is particularly so in Australia but on rare 
occasions Br. ovis, C . ov i s and C. pyogenes have been isolated (Simmons 
and Hall 1953; Miller and Moule 1954). In overseas countries these 
organisms as well as Br. me Iietens i s and lumpy skin and sheep pox viruses 
have been isolated (Jubb and Kennedy 1970; Nieberle and Cohrs 1967).
(h) Immunological phenomena
Fertility may be impaired as a result of immune response in the 
female to testicular tissue semen or sperm (Katsh 1959; Isojima et a L  1959 
Weil 1961; Otani £t aj_. 1963; Otani et_ aj_. 1965; Otani and Behrman 1963; 
Menge 1970). Live, motile sperm have been phagocytosed by leucocytes in 
bovine cervical mucus i n v itro (Mattner 1969). Ericsson(1970) suggested 
that leucocytes in the female tract may act to remove the sperm coat, and 
so initiate capacitation, and also act to remove excess spermatozoa from 
the female tract. The dominant immunological activity of the sperm is 
derived from a tightly attached coating of seminal plasma (Weil 1961;
Hunter and Nornes 1969). Administration into animals of normal testicular
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homogenate and adjuvant has provoked an immunological response in them 
which resulted in testicular degeneration (Busey 1966).
C. Abnormalities of the Vascular System 
I • Varfcocoefes
Varicocoeles are commonly observed in sheep (Gunn et_ £]_. 1942; 
Moule 1950; Mi I 1er and Mou1e 1954; Jensen et a]. 1962). Effects of 
varicocoeles on semen quality or spermatogenesis in the ram, are unknown. 
More work has been done on varicocoeles in man (Palomo 1949; Tulloch 1951 
1955, 1962; Davidson 1954; Russell 1954; Hanley 1956; Young 1956;
Scott 1958; Raboch erf 1962; MacLeod 1965; Davis et a]_. 1966; 
Harrison 1966; Tessler and Krahn 1966; Etriby et a I. 1967). In man, 
varicocoeles are located in the veins of the pampiniform plexus (Aird 
1957; Winsbury-White and Fergusson 1961; Illingworth 1958) and the 
cremasteric veins (Harrison and Barclay 1948; Hanley and Harrison 1962).
The poor quality of semen samples from men with varicocoeles 
(Davis e+ a_l_. 1966) appeared to result from i nterference in the normal 
thermo-reguIatory mechanisms when the varicocoeles inhibited normal 
contraction and relaxation of the cremasteric and dartos muscles (Davidson 
1954; Russell 1954; Hanley 1956). This hyperthermic
effect may well operate upon the sperm in the epididymis rather than on 
seminiferous epithelium. Men with varicocoeles and poor semen quality 
usually had normal spermatogenesis (Davis et_ a_l_. 1966) and i ntratesticu lar 
temperatures (Tessler and Krahn 1966).
2. Other Conditions
Arteriosclerosis has been reported in the spermatic cord of 
rams. Macroscopica11y these lesions resembled varicocoeles (Jensen et a 1 
Parenteral infections of cadium resulted in necrosis of the rat1962).
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testis (Parizek 1957). The pathogenesis of this specific cadmium toxicity 
has been reviewed by Gunn and Gould (1970). Cadmium exerted a selective 
toxic effect on the blood vasculature of the testis and caput epididymis. 
These vessels arise from the branches of the internal spermatic artery 
(Gunn et aj_. 1963; Chiquoine 1964; Mason and Young 1967). The primary 
site appeared to be the end arterial bed (Niemi and Kormano 1965; Waites 
and SetchelI 1966; Clegg and Carr 1966; Gupta et a I. 1967). It was 
suggested that the resulting ischaemia and interstitial oedema caused 
failure of spermatogenesis. However, Johnson (1969) suggested that the 
tubular barrier could be the primary site of action of the ischaemia and 
that the testicular degeneration seen could be brought about by natural 
antibody against germinal cells, cadmium interference with zinc metabolism 
in the tubules or by non-specific changes in the micro-environment of the 
cells. Calcification of the internal spermatic arterial walls has been 
observed in mice (Hummel 1964).
D. Abnormalities of the Tunica Vaginalis
Thickening of the tunica vaginalis and adhesions between it 
and adjacent tissues have been observed, especially in association with 
chronic epididymitis involving the tail or with abscesses in the scrotal 
fascia (Gunn et a]_. 1942; Simmons and Hall 1953; Buddie and Boyes 1953; 
Miller and Moule 1954; Kennedy et £j_. 1956; Biberstein and McGowan 1958; 
Edgar I 959b_) -
Hydrocoeles and inguinal hernias have also been observed 
(Moule 1950).
E. Abnormalities of the Spermatic Cord
Abscesses have been observed in the spermatic cord (Gunn et al. 
1942; Miller and Moule 1954). Pathological features of the
vascular system have been reviewed (vide supra).
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TABLE 2
Method Used for Estimating Age of Each Ram and Total Number of 
Rams Examined in Each Age Group
Type of Permanent 
Teeth Erupted
Age of Rams 
at Eruption
i n Years 
of Teeth
Number of Rams 
Exami ned
ii
Deciduous teeth only Lessthan 1 (L) / 242
Two centra 1s I to \ h (2T) 506
Two intermediates 1^ to 2 (4T) 330
Two laterals 2- to 3 (6T) 289
Two corner 3- to 4 (FM) 702
A 11 teeth erupted 
but bad 1 y worn 
or broken Aged (BM) 212
TOTAL 2,281
* The letters in parentheses are abbreviations of the following: 
L = lamb; 2T = two tooth; 4T = four tooth; 6T = six tooth; 
FM = full mouth and BM = broken mouth
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MATERIALS AND METHODS
ANIMALS AND ORIGIN
Investigation on 2,281 Merino rams presented for slaughter at 
public abattoirs extended over a 3 year period. Normal antemortem 
inspection was carried out according to Commonwealth Meat Inspection 
regulations. The following summarizes the general information concerning 
the rams examined:
(1) Culled from different properties throughout the agricultural 
areas of Western Australia.
(2) The nutritional status of the rams and other seasonal effects 
were in general similar because collections were made only in 
the summer months. Conditions at this time in Western 
Australia did not differ appreciably throughout the Merino 
sheep grazing area.
(3) Numbers culled from each property ranged from 4 to 95 
(average 13).
(4) Many originated from commercial farms that culled small 
numbers whereas a few Merino stud flocks culled higher 
numbers.
(5) Age from commercial flocks varied widely and from the stud 
flocks varied from one to two years.
(6) Most were culled for substandard fleeces, other less frequent 
reasons included: abnormalities of the scrotal contents, poor 
quality semen, poor teeth, old age, poor body type and other 
breed points such as closeness of hocks or undesirable horn 
development.
GROSS EXAMINATION
Each ram was slaughtered and its age was estimated by examining 
the incisor teeth by a modification fo Belschner’s criteria (1959) so that 
2 to 2h and 3 to 3^ year old rams could be included (Table 2). Ram lambs 
( K I year old) were estimated to have an average age of nine months as 
they had temporary incisors and their body weights indicated that they were 
older than six months. The aged group of rams had a complete set of
permanent incisor teeth which were badly worn or bioken and the gums were 
reced i ng.
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The intact cadaver was examined macroscopicaI Iy and the scrotum 
and its contents were removed by incising as close as possible to the 
external inguinal canal. The intact scrotum and its contents were palpated 
and the scrotal contents were exposed by squeezing them through a small 
incision in the dorsal area. The exposed testis and epididymis were 
separated from the attached adjacent tissues by incising along the attached 
border of the epididymis and the junction of the spermatic cord and testis. 
When infection was suspected the contents were not removed until specimens 
for bacterial culture had been taken.
Each pair of testes with epididymides attached, was weighed 
collectively; individual testes were weighed only when the size indicated 
obvious differences. Gross examination was made of the scrotal contents for 
any abnormalities, the consistency was assessed by the ease with which the 
testicular parenchyma was broken down by thumb pressure, and series of 
incisions were made in the testicles and associated tissues. Any lesions 
observed were described according to location, size, shape, colour and 
consistency. The severity of lesions was assessed as 1+ (slight), 2+ (mild), 
3+ (moderate) and 4+ (severe).
SELECTION AND PREPARATION OF TISSUES FOR MICROSCOPIC EXAMINATION
A total of 140 samples of tissue were selected cn macroscopic 
examination for histological examination from 24 of the 1,358 rams with 
normal and from 60 of the 923 with abnormal scrotal contents. The gross 
lesions, from which samples were taken for histopathologicaI study, were 
typical examples of the various types encountered in the examination. Of 
the above 60 rams, 54 were used for examination of testicular tissue and 
6 for other parts of the scrotal contents.
These samples, 3 to 4 mm in thickness, were fixed in Bouin's 
fluid or \ 0% buffered neutral formalin (BNF). Bouin's fluid was the fixative 
of choice for examination of spermatogenesis. Paraffin sections, 5 or 6 
microns thick, were stained wifh Mayer's haematoxyIin and eosin (H&E). The 
following special stains were used: Giemsa; Massons; Von Kossa's;
Prussian blue (Per I’s). Frozen sections, 10 to 12 microns thick, were
TABLE 3
Age Distribution of Rams Used 
Examination of Testicuia
for Microscopic 
r Tissue
Age of
Rams
(years)
Number of Rams
Norma 1 Scrota 1 Contents A b norma 1 Scrotal Contents
‘ <  1 4 1
l - l h 4 10
1 * 5 - 2 4 10
2 - 3 4 9
3 - 4 4 17
Aged 4 7
Tota I 24 54
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stained with Oil Red 0 especially to identify the seminiferous tubules.
Staining procedures were carried out as described by Carleton and Drury (1957).
A microscopic examination of testicular tissue especially de­
signed to examine spermatogenesis was made on samples taken from 24 rams 
with macroscopically normal scrotal contents. This examination was used 
as a basis for evaluating testicular tissue from 54 rams with abnormal 
scrotal contents. The age distribution of these 78 rams is given in Table 3. 
The examination included:
(I) the ratio of interstitial fibrous tissue to seminiferous 
various
tubules, and (2) the/stagesof spermatogenesis in each testis. The ratio, 
of interstitial fibrous tissue to seminiferous tubules was determined within 
10 randomly selected areas in each histological preparation. A micrometer 
scale divided into 200 identical units was inserted in the microscope eye 
piece and the length of the scale covering fibrous tissue and seminiferous 
tubules was determined in each area. The measurements obtained were used 
to calculate the ratio of interstitial fibrous tissue to seminiferous tu­
bules.
The tubules were further examined to determine the stage of 
spermatogenesis present in H.&E. sections at a magnification of 400X. The 
8 stages of the spermatogenic cycle recognised by Ortavant (1959) were re­
grouped into 3 more general stages using the following criteria:
Stage I (Pre-meiosis)
The tubules contained only one set of spermatids 
Stage 2 (Meiosis)
Primary spermatocytes were present with a dense black area 
of chromatin at the equatorial plate (metaphase).
Stage 3 (Post-meiosis)
Two sets of spermatids were present, the additional set resulting 
from reduction division at stage 2.
Further examination of cells other than spermatids was used to confirm the
stage of the spermatogenic cycle if  there was any doubt following the ex­
amination of the spermatids.
Both qualita tive  and quantitative abnormalities of spermato­
genesis were assessed by th is examination. Q ualitative abnormalities were 
characterised e ither by degenerated spermatogenic ce lls  or arrested sperma­
togenesis. Quantitative changes were compatible with increased in te rs tit ia l 
fibrous tissue, seminiferous tubules of small diameter, and low tes ticu la r 
wei ghts.
MICROBIOLOGICAL EXAMINATION
When palpation of the scrotal contents prior to incision of the 
scrotum revealed suspected chronic epididymitis or abscesses the lesions 
were subjected to microbiological examination. The scrotum was removed and 
the underlying affected area was seared with a hot spatula. A sample from 
the lesion was aspirated by a s te r ile  Pasteur pipette. When the lesion was 
too dry and hard to obtain a sample it  was incised with a s te r ile  scalpel.
A number of smears were prepared and stained with ( I )  Giemsa and examined 
for leucocytes, spermatozoa and organisms, (2) Gram’s method, and (3) the 
modified acid-fast stain (Stamp et aj_ 1950) for Br. o v is . The following 
c r ite r ia  were used for assessing smears*.
(a) Spermatic granuloma or spermatocoeIe
( i )  Presence of: Spermatozoa only, or
( i i )  Spermatozoa with leucocytes, or
( i i i )  Spermatozoa with leucocytes and bacteria.
(b) Abscess
Numerous neutrophils, with or without v is ib le  bacteria-;
and no spermatozoa.
All of the above lesions, except those which had only spermatozoa, 
were subjected to cultural examination. The material for culture was streaked 
on to 10$ sheep blood agar (S.B .A. ) ,  a phenyl ethanol agar (P.E.A.)  and 
MacConkey agar and incubated at 37°C under both aerobic and microaerophi Iic
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(10# C02) conditions fo r  at least 7 days.
STATISTICAL ANALYSIS
A ll  material was subjected to  ana lys is  of variance and chi- 
square te s ts  and the analyses were tested at the 5% level of s ig n if ic a n ce .
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TABLE 2
Statistical Analysis of MacroscopicaIly Normal Testicular Weights 
From Rams of Various Age Groups and with 
MacroscopicaI Iy Normal Scrotal Contents
Age (years)
Mean
Testjcu1ar WeiqhtCqm) Varianceof Mean
Standard Deviation
of Mean
Total Examined
< 1 260.1 12136 1 10.2 210
\-\h 332.3 10327 101.7 392
IV2/ 406.0 10478 102.4 213
2-rp 470.6 12773 113.0 149
3— 4 520.1 10707 103.5 329
Aged 557.4 10984 104.8 65
Total 1358
TABLE 5
Stages of Spermatogenesis, Number of Seminiferous Tubules per Unit Area 
and Amounts of Interstitial Fibrous Tissue in Normal Ram Testes
Stage No. < 1 1 - Ik Ik- 2 2 ' -  3 3 -  4 Aged
18 , 2 2 , 15, 12, 17, 15 , 16, 14, 10, 13, 12 ,  13 ,
1 16, 2 4 , 18, 17, 2 0 , 14, 12, 13 , 12, 16, 16 ,  12 ,
o , 2 , o , 1, 1, 1, 0 , 1, 1, 1, 0 ,  1,
2
0 , 0 , o , 1, 0 , o , . 0 , o , 0 , o , 1,  o ,
6 , 5, 16, 10, 12, 13, 10, 9, 12, 9, 14 ,  12,
3
5 , 8 , 18, 17, 18, 17, 9, M, 14, 8 , 16 ,  I I ,
Tota 1 
Fibrous 
T i ssue
\t \% 1$ 1-2 % 1-2% 1 - 2 $
R E S U L T S  
(A) NORMAL TESTES.
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I . Weight
The mean weight and the standard deviation of paired testes 
for each age group of rams is given in Table 4. There was a sign ificant 
difference (P <0.001) between the means of d ifferent age groups. An "F" 
test showed that the variances about the mean for each age group could be 
pooled to give a standard deviation of 105 grams common to a ll age groups. 
The ratio  of the mean tes ticu Ia r weight to age is graphically illustrated  
(Figure 51).
2. Gross Examination
Normal tes tis  (Figures I and 2) moved freely in the scrotal sac 
when palpated. On removal from the scrotum the visceral and parietal layers 
of the tunica vaginalis were smooth, the v is ib le  vascu larity over the testis  
was well developed and there was a soft spongy consistency of testicu la r 
tissue. The cut surface of the testis  bulged s lig h tly , due to turg id ity of 
the seminiferous tubules, was a uniform grey to cream in colour and had a 
uniformly fine granular texture. Only s ligh t pressure with the thumbs was 
necessary to break down the tissue structure.
3. HistoIogi cal_Exami nation
ft
Normal spermatogenesis was observed in a ll the sections from 
the 24 macroscopicaI Iy normal testes (Figures 3 - 9 ) .  The stage of spermato­
genesis present is given in Table 5. An analysis of the percentage of tu ­
bules at stage 3 was carried out. Percentages were transformed to achieve 
normality (Arcsine transformation) and an analysis of variance demonstrated 
no s ign ifican t differences (P = 0.5) between and within age groups. The f i ­
brous tissue content in the testicu la r parenchyma (Table 5) was less than I 
in sheep aged less than I, l-l£ years and lj-2 years cf age and 1-2$ in the 
2-3, 3-4 years old and the aged sheep. This smalI amount of fibrous tissue 
was primarily that of the normal outer layer of the tubules. In a few semi­
niferous tubules there was desquamation of spermatogenic cell
which were regarded as artefacts produced during histological preparation.
>3's.
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TABLE 6
/ Number of Rams Studied and the Abnorma1¡ties Overa11 1ncidence of Scrota 1
i
Age
(years)
Tota1 Rams 
Exami ned
Rams with Abnorma1 Scrota 1 Contents
Tota 1 Unilatera1 Lesions
Bilatera1 
Lesions
< \ 242 32 (13.2) 18 14
1 - \ h 506 114 (22.5) 64 50
1*5-2 330 117 (38.5) 46 71
2 - 3 289 140 (48.0) 35 105
3' - 4 702 373 (53.1) 92 281
Aged 212 147 (69.1) 29 1 18
Tota 1 2,281 923 (40.4) 284 (12.4) 639 (28.0)
Note: The figures in parentheses are the percentages of e ither
the total number of rams examined in each age group or the 
total number of rams examined (2,281).
36.
TABLE 7
Incidence of Gross Abnormalities in Each Age Group of Rams
Type of
Abnorma 1ity
Observed
Age of Ram i n years Tota 1 Number of 
Rams with 
LesionsO 1-1*5 1*5-2 2 -3 3 -4 Aged
Adhesions 25 95 66 65 166 54 471
( 10.3) (18.7) (20.0) (22.4) (23.6) (25.4) (20.6)
Calcification 1 13 22 39 170 72 317/
1
i
i
(0.4) (2.5) (6.6) (13.4) (24.2) (33.9) (13.8)
Atrophy or Ni 1 13 30 57 158 56 314
Hypoplasia - (2.5) (9.0) (19.7) (22.5) (26.4) (13.7)
Congenital Cysts 10 34 10 18 46 18 136
in Epididymis (4. 1 ) (6.7) (3.0) (6.2) (6.5) (8.4) (5.9)
Cryptorch id i sm 1 1 57 21 3 Ni 1 Ni 1 92
(4.5) (11.2) (6.3) (1.0) - - (4.0)
Abscesses or 4 6 7 7 17 9 50
Spermatocoeles (1 .6) ( 1 . 1) (2.1) (2.4) (2.4) (4.2) (2.1)
or Spermatic
Granulomas
Varicocoeles Ni 1 Ni 1 2 1 30 14 47
- - (0.6) (0.3) (4.2) (6.6) (2.0)
Testicular 1 Ni 1 Ni 1 Ni 1 Ni 1 Ni 1 1
Aplasia (0.4) • - - - - - (0.2)
Testicular Ni 1 Ni 1 Ni 1 Ni 1 1 Ni 1 1
Neoplasm — (0.03) — (0.04)
Note: The figures in parentheses are the percentages of the total 
in each age group.
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(B) ABNORMALITIES OF THE SCROTAL CONTENTS 
Overall Incidence of Gross Lesions
Abnormalities of the scrotal contents were detected in 923 
(or 40.4$) of the 2,281 rams examined. Distribution of lesions in each 
age group are given in Table 6. The type and incidence of lesions encoun­
tered in each age group of rams in decreasing order of incidence are given 
in Table 7.
General Observations
The e ffec t of age on the incidence and type of lesions is sum- 
man zed as foilows:
1. Total incidence of a ll gross lesions detected in each age group increased 
with age (Tables 6 - 7 ) . '
2. Incidence of spermatic granulomas or spermatocoeIes, abscesses and epi- 
didymal cysts, however, was constant for each age group and the incidence of 
cryptorchids decreased with age (Table 7).
3. Unilateral lesions occurred more frequently in the younger age groups 
(lambs and 2T) than in the older age groups (Table 6).
4. The amount of intertubular fibrous tissue in the tes tis  was not found 
to vary s ign ifican tly  with age (Tables 9 and 10).
Speci fi c Lesions
I . Adhesions
(a) Gross and Microscopic Characteristics
Adhesions consisted of fibrous connections between the visceral 
and parietal layers of the tunica vaginalis. Sometimes only fibrinous tags 
were present, usually on the visceral coat and were often accompanied by 2 
to 3 ml. of serous flu id  in the cavity of the tunica vag inalis. The adja­
cent tissues were commonly involved. The more severe forms of adhesions 
were characterised by a thickened tunica vaginalis and fibrous tissue in­
volvement of the adjacent testis  and epididymis. Manual separation of the
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in these
tissues/forms was d i f f ic u l t  (Figure 10). Fibrinous tags were present on the 
v isceral layer in less severe forms.
M icroscop ically , the adhesions comprised fib rob lasts , f ib ro ­
cytes and scattered lymphocytes, plasma c e lls  and h is tio cy tes .
Adhesions alone did not appear to a ffec t spermatogenesis 
(Table 2Q)_, However, when there was art increase in in te r s t i t ia l  fibrous 
tissue as well as adhesions, there was often accompanying disruption in 
spermatogenesis (Table 19).
(b) Inci dence
Adhesions occurred more commonly than any other lesion (Table 7). 
There were adhesions in 471 of the 2281 rams or 20.6% of the tota l rams ex­
amined in th is  study. The incidence of adhesions (Table 7) increased s ig ­
n if ic a n t ly  with age as shown by chi-square tests  (P<0.001). The ch ief 
source of the high chi-square value was the d ifference between the lamb 
and oi.der groups. The analysis was repeated excluding the lamb group and 
no s ig n if ic a n t increase was found (P>0.05), (continued o ve r le a f).
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TABLE 9
Incidence of Calcification in Testes of Rams of Various Age 
Groups, the Frequency with which Calcification was the Only 
Type of Lesion Present and the Incidence of Bilateral Calci­
fication in the Testes of Each Ram
Age of 
Ram
(years)
Incidence of 
Calei ficat ion
Bi lateral 
Calei f¡cation
Number 
with Ca 
Only
of Rams 
Ici f icat ion
<  1 1 (0.4) _ 1
l - 4 13 (2.5) 7 (1.3) 8
4  - 2 22 (6.6) 13 (3.9) 1 1
2 - 3 39 (13.4) 20 (6.8) 15
3 - 4 170 (24.2) 98 (13.8) 70
Aged 72 (33.9) 45 (21.2) 33
Tota 1 317 183 138
Note: The figures in parentheses are percentages of the total 
number of rams in each age group.
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A comparison was made between testes with adhesions only and 
testes with adhesions and other lesions (Table 7 and 8) Chi-square tests 
revealed a highly significant (P<0.001) difference between these two groups 
of testes, with increase in age.
Adhesions were the only lesion present in 321 rams examined 
(Table 8). This figure was 61.9% of the rams examined with adhesions and 
14.5$ of the total number of rams examined. Of the 321,rëmsCwith adhesions 
69.2$ occurred unilaterally. Incidence of slight (1+) adhesions was con­
siderably higher than the combined totals of severer (2+, 3+ and 4+) adhe­
sions (152 rams versus 70 rams) in rams which had unilateral adhesions 
only (Table 8). Distribution of adhesions (Table 8) revealed that, of the 
rams with only unilateral adhesions, the majority of the adhesions were 
involved only at the tail of the epididymis (126 of 222 rams). The next 
highest incidence of adhesions involved the ventral aspect of the testis 
(43 of 222 rams). The remaining areas of the testis or epididymis had a 
relatively low incidence of adhesions.
Of the 99 rams with bilateral adhesions, 53 were slight (I+); 
therefore 205, or 9$ total rams examined in the study, had slight (1+) 
lesions which were either unilateral or bilateral.
2. Testicular Calcification
(a) Cross and Microscopic Characteristics
Calcified lesions (Figures II, 12) varied in severity from a 
few specks to extensive involvement throughout most of the testis. Calci­
fied areas beneath the tunica albuginea were observed in a few testes. All 
the calcified lesions were characteristically hard and gritty.
Microscopically, calcified lesions consisted of degenerated 
spermatozoa which had undergone dystrophic calcification. These degenera­
ted spermatozoa formed large whorl-I ike deposits within seminiferous tubules 
(Figures II, 12). Examination of 20 testes (Tables 19, 20) revealed degen­
erative changes as well as calcified lesions. These had shown increased
4 3 .
(Table 19)
consistency on macroscopic examination/ In some testes, macroscopic exam­
ination had revealed a few calcified specks and these showed no disruption 
to spermatogenesis (Table 20).
(b) Inci dence
Calcification was detected in 317 (13.8%) testes of the 2,281 
rams examined (Table 7), or 34.4$ of those rams with scrotal lesions. 
Statistical analysis revealed:
(i) Incidence of calcification increased significantly (P<0.00l) 
wi th age (Table 9).
(ii) No significant difference (P>0.05) between the occurrence of uni­
lateral or bilateral calcification with each age group (Table 9).
(¡ii) No significant difference (P>0.05) with age between testes with 
calcification and another lesion, and testes with calcification 
on I y (Tab Ie 9).
(iv) No significant difference (P>0.05) between the incidence of testes 
with calcification only and testes with simultaneous calcification 
and atrophy or hypoplasia in rams over Ii years of age when these 
lesions occurred together (Tables 9, 12).
Of the 317 rams with testicular calcification, 138 or 6.0$ of 
the total rams examined had calcification as the only lesion; 132 (93$) had 
mild to moderate (1+ to 2+) involvement (Table 1C). When calcification 
occurred alone it involved mainly the central portion of the testis (29 of 
54 rams or 55$); the ventral region in 18 (33$); and the dorsal region in 
7 or 12$.
3. Testicular Atrophy/HypopI asia
(a) Gross and Microscopic Characteristies
It was not possible to distinguish atrophy from hypoplasia by 
gross examination. The high incidence of grossly visible fibrous tissue
TADLE I !
Statistical Analysis on Weights of Testes (in grams) Which Showed 
Macroscopic Evidence of Atrophy or Hypoplasia
Age of Rams (years) Mean Variance Standard Deviation
1 - \h 179.6 3407 58.4
ik - 2 227.6 4392 66.3
2 - 3 246.7 6933 83.3
3 - 4 333.0 2141 1 146.3
Aged 363.6 14486 120.4
/
/
1
1 ncidence
TABLE 12
and Severity of Atrophy or Hypoplasia of Testes 
Examined Macroscopica1ly
Age
of
Rams 
i n
Years
1 nc i dence and Severity of Atrophy / Hypoplasia
1 + 2+ 3+ 4+ Tota 1s Grand 
Tota 1
U* B** U B U B U B U B
1-1*5 3 5 1 1 2 1 3 10 13
(0.6) (1.0) (0.2) (0.2) (0.4) (0.2) (0.6) (2.0)
1^-2 2 10 1 10 4 3 3 27 30
(0.6) (3.0) (0.3) (3.0) (1.2) (0.9) (0.9) (8.2)
2 -3 2 18 1 18 1 12 1 4 5 52 57
(0.7) (6.2) (0.4) (6.2) (0.4) (4.2) (0.4) (1.4) (1.7) (18.0)
3 -4 4 44 5 50 5 28 6 16 20 138 158
(0.6) (6.3) (0.7) (7.1) (0.7) (4.0) (0.9) (2.3) (2.8) (19.7)
Aged 2 24 2 13 2 5 2 6 8 48 56
(0.9)(10.8) (0.9) (5.7) (0.9) (2.4) (0.9) (3.8) (3.8) (22.6)
Tota 1 10 99 9 96 9 50 1 1 30 39 275 314
Noteí 1 : U* = un i 1 siterai; B** = bilateral
2: The figures in parentheses are the percentages of tota Is in
each age group of rams
TABLE 13'
Incidence of Calcification in Atrophic or Hypoplastic Testes of Rams
Age of Rams (years) Unilateral Bilatera ! Tota 1
l-l^ .
i%-2 - 3 3 (10.0)
2 -3 1 7 8 (14.0)
3 ~4 3 29 32 (20. 3)
Aged 1 14 15 (26. 8)
Tota 1 5 53 58
The figures in parentheses are percentages of the total number of rams 
with testes showinq atrophy or hypoplasia at macroscopic examination
similar to atrophy indicated that testicular atrophy was more common 
than hypoplasia. Testicular atrophy was indicated by the following gross 
features:
(i) perceptible increase in consistency,
(i i) fibrous tissue was visible on the cut surfaces of the testicular 
parenchyma (Figure 12),
(iii) no noticeable swelling due to normal turgor pressure,
(iv) no fine granularity (Figure 12),
(v) a slight increase in brown pigmentation (Figure 12),
(vi) calcification (Figures 12, 13)
(vii) perceptible decrease in size and weight (Table II, Figure 51)
Microscopic examination of atrophied testes (Tables 19) ' 
revealed degeneration of seminiferous epithelium, increased interstitial 
fibrous tissue and at times dystrophic calcification of sperm (Figures 13-21). 
Lymphocytes, plasma cells and histiocytes were usually found in scattered 
numbers or in focal accumulations. Some histiocytes contained yellow brown 
pigment granules which stained negatively for ferric ions.
Testicular hypoplasia was indicated by poorly developed or
arrested spermatogenesis typified by a noticeable decrease in tubules with
by little
spermatogenesis more advanced than stage 2 or 3 and,/increase in interstitial 
fibrous tissue (Table 19). The rams with hypoplastic testes were young 
(I-2 years).
Some testes did not have clearly defined features of testicular 
atrophy or hypoplasia but had some features of both. In +hese there was 
arrested spermatogenesis at a particular stage, many seminiferous tubules 
had degeneration of spermatogenic cells, and an abnormally high level of 
interstitial fibrous tissue was common.- These ill-defined types were 
classified as atrophied testes.
(b) Inc? dence
(i) Gross Examination
45.
Testicular atrophy/hypopIasia was detected in 314 (13.7^) testes
of the 2,281 rams examined (Table 7), or 34.3$ of those with scrotal ab­
normalities. There were 109 rams with testes slightly (1+) affected and 
105 mildly (2+) affected,(Table 12) a total of 214 rams with mild testicu­
lar atrophy or hypoplasia. Statistical analysis revealed:
(1) Incidence of testicular atrophy/hypopI asia significantly increased 
(P<0.00l) with age (Table 7);
(2) There was no significant difference (P>0.05) between the occur­
rence of unilateral or bilateral testicular atrophy/hypopI asia 
within each age group (Table 12);
(3) In each age group, the mean testicular weights of the atrophy/ 
hypoplasia were significantly less (P<0.001 in all age groups) 
than the mean weights of normal testes (Tables 4 and II, and 
Figure 51).
Calcification of the testicular parenchyma was also present 
in 58 rams or 19.3$ with atrophy/hypopI asia (Table 13). Bilateral calci­
fication and atrophy were present in 53 of these 58 rams (91.4$).
(i i) HistopathoIoqicaI Examination
Of the 48 samples with testicular atrophy or hypoplasia, 44 
were atrophied and 4 were hypoplastic (Table 18). Severe changes in sperma­
togenesis were observed in 31 testes with testicular atrophy and 4 with tes­
ticular hypoplasia (Table 19); another 13 atrophied testes had mild changes 
in spermatogenesis (Table 20). An attempt was made to relate the severity 
of change observed on macroscopic examination of atrophied testes to the 
severity of testicular degeneration observed on subsequent histopathologicaI 
examination. It was concluded that, in general, such a relationship existed. 
However, sections from atrophied testes assessed on macroscopic examinaTion 
as either moderate (3+) or severe (4+) had degeneration, of similar severity 
in most seminiferous tubules examined. The majority of the seminiferous 
tubules were normal in testes macroscopicaI Iy assessed as (1+) or (2+), but 
a few had severe chances.
46.
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Examination of in t e r s t i t ia l  fib rous tissue  between the semi­
n iferous tubules revealed th a t su b jec tive  assessments of amounts o f th is  
t is su e  were only broadly accurate as there was considerable overlap  be­
tween the s e v e r ity  of 1+ and 2+, 2+ and 3+ and 3+ and 4+. The various 
amounts of fib rous t is su e  present is given in Tables 19 and 20. Percen­
tages of fib rous t is su e  present was;
S I i  ght ( I + ) -4 $  to 18$
Mi Id (2+) - 16$ to 25$
Mode ra te (3+)- 20$ to 65$
Severe (4+) - 14$ to 83$
The re su lts  revealed th a t the amount of fib rous t is su e  present tended to 
be underestimated in those tes tes  assessed as being only s l ig h t ly  a ffec ted  
g ro ss ly . In one t e s t i s ,  however, the amount o f fibrous t is su e  was con­
s id e rab ly  over estim ated; in th is  t e s t is  there was a c tu a lly  14$ fibrous 
t is su e  but the assessment was 4+. In regard to te s t ic u la r  hypoplasia the 
re su lts  ind icated  th a t there was excessive fib rous tis su e  present but the 
amounts tended to  be over estimated by gross exam ination. As a re su lt  of 
the examination of t e s t ic u la r  t is su e  i t  was considered th a t the 109 rams 
w ith te s t ic u la r  atrophy/hypopI as ia  of 1+ s e v e r ity  could be regarded as hav­
ing impaired spermatogenesis in the q u a n tita t iv e  sense.
4. Congenital Retention Cysts
(a ) Gross and M icroscopic C h a ra c te r is t ic s
A ll the cysts  were s im ila r  in location  and appearance (F igu res 
44, 45, 46). They were observed in the a n te r io r  aspect o f head of the e p i­
didymis near the ven tra l margin as s l ig h t ly  ra ised , fo c a l, c i r c u la r ,  c y s t ic  
s tru ctu res  I mm to 4 mm in diameter. In freq u en tly , two cysts  were seen in 
the same epid idym is. In c is ion  o f the c y s t revealed a small amount of watery 
f lu id  w ith in  a fib rous capsule. The cys t appeared to  be an in tegra l part 
of the ep i di dymi s .
M ic ro sco p ica lly , a typ ica l re ten tion  c y s t was lined by fla ttened
48.
TABLE 14
Incidence of Cryptorchidism and the Incidence and 
Lesions in the Contra IateraI Iy Descended Testis of 
Showing Unilateral Cryptorchidism
Nature of 
Rams
Age
of
Ram
(years)
1 nei dence of Cryptorchidism
1 nei dence 
Lesions ir 
Descended
and 1 
i the 
Test
Nature of 
Contra 1atera11y 
i s
Number 
of Rams B* U*
Number 
of Rams
Nature of 
Abnorma 1i ty
< 1 1 1
(0.5)
4 7 1 Adhesions
1 - \ h 57
(11.3)
22 35 3 Adhesions
\ h - 2 21
(6.4)
9 12 5 Adhesions, 
abscess and 
ca1ci f ication
2 - 3 3
(1.0)
- 3
Tota 1 92 35 57 9
* Symbols used are B (bilateral) and U (unilateral)
4 9 .
ciliated columnar epithelium and surrounded by a fibrous tissue capsule. 
Spermatogenesis was unaffected by the presence of congenital retention 
cysts of the epididymis.
(b) Inci dence
Characteristic cysts were observed in 136 ( 5 .9% ) of 2,281 rams; 
80 were unilateral and 56 bilateral in location. It was estimated from the 
overall incidence of normal and abnormal testes that congenital retention 
cysts occurred in 81 rams with otherwise normal testes and 55 rams with 
some other testicular lesion.
5. Cryptorch i d ? sm
(a) Gross and Microscopic Character?stics
The affected testis was smaller and of firmer consistency than 
normal. The cut surface was smooth and lacked turgor..
No tubules had normal spermatogenesis. Sertoli cells and some­
times spermatogonia were present. Often there were large numbers of vacu­
oles indicating lysis of primary spermatocytes. Oil-red-O stains did not 
reveal fat in sufficient amounts to account for the number of vacuolated 
spermatocytes (Figure 22).
(b) Inci dence
Cryptorchidism was recorded in 92 (4.0$) of the 2,281 rams ex­
amined (Tables 7 & 14); 57 (61.9$) unilateral and 35 (38.1$) bilateral 
(Table 14). Most lesions present in the descended testes were not attri­
buted to unilateral cryptorchidism of the contra IateraI testis (Table 14). 
One testis, however, was hypertrophied (Table 20) and another two had 
arrested spermatogenesis (Table 19, Ram Nos. 12 and 18).
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TABLE 16
Properties of Two Closely Similar Bacteria Isolated from 
Lesions In the Scrotal Contents of Merino Rams
Properties A. seminis
Unidentified Gram 
Negative Rod
Gram stain Pleomorphic Gram-negative 
baci11 us
Gram negative
Growth i n a i r + -
Growth in 10$ CO^ 
Colonial Morphology:
+ +
24 hours Pin point & transparent Pin point & transparent
48 hours Convex, smooth & 
g 1isteni ng, 0.5 - 1 mm 
d i ameter
0.2 mm diameter
96 hours Umbonate & feathery edge Uniform white 0.5 mm 
diameter, entire edge
Mot i1i ty
Fermentation of 
Carbohydrates:
Glucose S 1ight acid* -
Sucrose - -
MaItose - -
Mannita1 S 1ight acid* -
Mannose S 1ight acid* -
Lactose - -
Levulose S 1ight acid* -
Trehalose S 1ight acid* -
Arab i nose S 1ight acid* -
Litmus mi 1k - Acid. Soft casein clot
Nitrate reduction - -
Indole reduction - -
Urease production - SI ight
Catalase + +
Oxidase 
Growth on
— -
MacConkey agar - -
M.R. - -
V.P. - -
Ci trate uti 1i sat ion - -
Malonate utilisation - -
* Slight acid only after prolonged incubation for 26 days
6. Chronic epididymitis and abscesses in the scrotal fascia 
(a) Gross and Microscopic Characteristics
The affected areas were larger than normal in size and were 
often accompanied by adhesions of the tunica vaginalis (Figure 10). The 
cut surface revealed a prominent fibrous tissue capsule, up to I cm. in 
thickness, surrounding a pale green to golden yellow material varying in 
consistency from milky to caseating (Figure 35a, b). The golden yellow, 
dry, caseated lesions were invariably spermatic granuloma. Some affected 
tissues had considerable fibrous thickening of the tunica vaginalis and 
enlargement of the epididymis, particularly when the taii was involved.
Cut surfaces often revealed considerable fibrosis (Figures 35, 36). Three 
abscesses were present in the parietal and visceral coats of the tunica 
vag i naI is.
Microscopically, sections of chronic epididymitis revealed 
marked fibrous tissue infiltration between the epididymal duct often ac­
companied by spermatic granuloma or spermatocoeIe formation. They were 
characterised by dilatation and folding of the epididymal duct with stasis 
and accumulation of sperm into a whorl-like pattern (Figures 38 and 39).
These sperm were apparently dystrophic, calcified forms. In spermatic 
granulomas, the basement membrane of the epididymal duct was completely 
eroded and sperm extravasated into the surrounding interstitial tissue.
This tissue also consisted of granulation tissue and accumulations of mono­
nuclear inflammatory cells (Figures 41 to 43).
HistopathologicaI examination of testicular tissue from I8’rams
with chronic epididymitis and one ram with an abscess in the scrotal fascia,
revealed degeneration of spermatogenic cells in 13 with chronic epididymitis,
Ram I 5
and also in the one with an abscess (Table 19/0. All had considerably in­
creased testicular fibrous tissue. This tissue was aiso present in amounts 
of 10$ to 13$ in 4 of the 5 testes with no degeneration of the seminiferous 
epithelium. The remaining testis examined, was normal (Table 20). Obser­
vations on chronic epididymitis of special note were: bacteria were isolated
52.
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from 5 of the 18 (Table 15); the head of the epididymis was affected in 
2 rams (Table 15); the lesions were frequently located in the tail but 
more extensive lesions were also observed (Table 15); testicular degenera­
tion was found frequently when there was chronic epididymitis (Tables 19, 20).
(c) Microbiological Examination
Bacteria were cultured from 12 of the spermatic granulomas 
(Table 15). A. seminis and a similar Gram-negative organism are charac­
ter! sed i n Tab Ie 16.
Leucocytes and spermatoza were detected in smears from 5 lesions 
considered to be spermatic granulomas; attempts to culture organisms from 
these lesions, however, were unsuccessful.
C. ovis was cultured from each of the 3 abscesses in the scro­
tal fascia.
(d) Inc? dence
The incidence and nature of the spermatic granulomas and absces­
ses are shown in Table 15.
7. Vari cocoeIes
(a) Gross and Microscopic Character?stics
VaricocoeIes had enlargement of the veins of the pampiniform 
plexus characterised by a knotted appearance due to dilatations of the 
venous walls and venous thrombi (Fig. 49). One varicocoele involved veins 
in the testicular tissue (Figure 50).
Microscopically, varicocoeles revealed a mild phlebitis in all 
4 sections examined. Abnormal spermatogenesis was observed in the 2 samples 
of testicular tissue from atrophied testes CTabie 19, Rams No. 2i and 35).
(b) Inci dence
Varicocoeles were detected in 47 (2.0$) of the 2,281 rams ex­
amined (Tables 7 and 17) or 5.1$ of the rams wi^h lesions.
5 4 .
TABLE 17
Overall Incidence of Varicocoeles in Rams and the Incidence with 
Testicular Atrophy and Calcification
Age of 
Ram
(years)
Number of Rams 
Varicocoeles
with Number of Rams with 
Varicocoeles and Testicular 
Atrophy and CalcificationTota 1 U* B*
1 - - -
l - \h - - -
\h - 2 2
(0.6)
1 1
2 - 3 1
(0.4)
- 1
3 - 4 30
(4.3)
1 1 19 17
Aged 14
(6.6)
2 12 5
Tota 1 47 14 33 22
* Symbols used were U (unilateral), B (bilateral)
Note: The figures in parentheses are percentages of the total 
number of rams in each age group.
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S t a t i s t i c a l  ana lys is  of the resu lts  revealed:
( i )  incidence of var icocoeles increased s ig n i f i c a n t ly  (P<0.00l) 
wi th age (Table 17);
( i i )  there was no s ig n i f i c a n t  d iffe rence  (P>0.05) between the
occurrence o f u n i la te ra l  or b i la te ra l  var icocoe les  w ith in  each 
age group (Table 17);
( ¡ ¡ i )  incidence of var icocoe les and t e s t i c u la r  degeneration was s ig ­
n i f i c a n t l y  higher (P<0.05) than var icocoe les  without t e s t i c u la r  
degeneration (Table 17).
8. T e s t ic u Ia r  Aplasia
In one ram one t e s t i s  was missing but the epididymis was pre­
sent. The presence o f the epididymis in the scro ta l sac and the f a i lu re  
to find a t e s t i s  anywhere in the body confirmed ap las ia  of the t e s t i s .
Except fo r  being s l ig h t l y  sm aller, the epididymis was normal in appearance.
9. NeopI as i a
A seminoma was present in the tes tes  of an aged ram.
(a ) Gross and Microscopic C h a ra c te r is t ic s
Both tes tes  were sm aller and f irm er than normal. The cut su r ­
faces revealed excessive fibrous t issue  strands ramifying throughout a 
d u l l ,  dark brown parenchyma. A few d u l l ,  white areas were d is tr ib u ted  in 
i r re g u la r  fashion throughout the t e s t i c u la r  parenchyma. Some of these areas 
were co n f Iuen t .
M ic roscop ica l ly ,  the gross white areas were negative for calcium 
and were the areas occupied by neop lastic  c e l l s .  A large number of neo­
p la s t i c  c e l l s  occupied many swollen seminiferous tubules and invaded the in ­
t e r s t i t i a l  t issue  (F igures 23 to 30). These c e l l s  d if fe re d  in many ways 
from normal c e l l s  of the spermatogenic l in e .  They were s l ig h t l y  larger than 
normal primary spermatocytes and the nuclei were more basoph il ic  and p leo ­
morphic. They were mainly ovoid or spherical but some were a lso  crenated.
The cytoplasm was syncitial—Iï ke in some areas. The ratio of the size of 
the cytoplasm to the nucleus was 1:1 to 2:1 in non-syncitia I forms. There 
was mild to severe degeneration of seminiferous epithelium in tubules con­
taining neoplastic cells and also neighbouring tubules. The latter tubules 
were small and were surrounded by excessive interstitial fibrous tissue 
and infiltrating neoplastic cells (Figure 26).
The histopathoIogicaI findings were compatible with a seminoma 
showing anaplastic and locally invasive tendencies indicative of malignancy.
(b) Inci dence
The seminoma occurred in only one ram of the 2,281 examined.
56.
5 7.
■g•H •
B £3
-P  O 
CQ i—Io•H
o 
o
1
jB
'd
-p S3
§ 5
-P  o  c r:o Po
i— I
«Mo
Gj
cuo
u
ctf -P P  CQ O
o 10
orH O.C
Ctf 
M P-ico
•HCO
a
<po
a)0
§mi•H
1
5)
>
s 
Th
e 
id
en
ti
fi
ca
ti
on
 o
f 
ea
ch
 l
es
io
n 
wa
s 
co
nf
ir
me
d 
by
 h
is
to
pa
th
ol
og
ic
al
 o
r 
mi
cr
ob
io
lo
gi
ca
l 
ex
am
in
at
io
n 
of
 s
am
pl
es
.
**
 T
he
 f
ig
ur
e 
in
 p
ar
en
th
es
es
 r
ef
er
s 
to
 t
he
 i
nc
id
en
ce
 o
f 
ea
ch
 l
es
io
n,
 e
xp
re
ss
ed
 a
s 
a 
pe
rc
en
ta
ge
 o
f 
th
e 
to
ta
l 
nu
mb
er
 
of
 r
am
s 
ex
am
in
ed
 (
2,
28
1)
.
f*
* 
Th
is
 f
ig
ur
e 
is
 a
n 
ex
tr
ap
ol
at
io
n 
fr
om
 t
he
 i
nc
id
en
ce
 o
f 
th
e 
le
si
on
, 
as
 d
et
er
mi
ne
d 
by
 h
is
to
pa
th
ol
og
ic
al
 e
xa
mi
na
ti
on
 o
f 
sa
mp
le
s.
 
**
**
 T
he
se
 l
es
io
ns
 v
/e
re
 i
de
nt
if
ie
d 
by
 m
ic
ro
sc
op
e 
ex
am
in
at
io
n 
of
 s
me
ar
s 
fr
om
 t
he
 l
es
io
n.

Sc
ro
ta
l 
Co
nt
en
ts
 
Wh
ic
h 
We
re
 M
ac
ro
sc
op
 l
ea
 I
ly
 A
bn
or
ma
l 
Bu
t 
Ha
d 
Se
mi
ni
fe
ro
us
 
Ep
it
he
li
um
 w
it
h 
No
rm
al
 
Sp
er
ma
to
ge
ne
si
s
59.
4  i 4 o Ov 1 tn co o 4 O VO o
1
1
m i in
ro —  i — CM 1 — CM — — — CM — ——04
to i
x i
O 0 1
4 CO CM ---- 1 CM i CM 1 I 1 1 — I m 1 CM 1 m CM CM 1
ro 1
x (0 1
1
i
(U
4
—  1 co co r -  i CM Ln CD in co __
1
CM 1 CM CM CO CM
X CO ---- 1 — — ■— — — CM — —  1 — CM --------
LU 1
1
1
0 4-
1
1
0 x 1
— — a) 1
ro (U r> 0 vO 1 x CO CO 1 4 4 o m 4 — r-1 o tn o m
o 4- jQ 0 CM 1 CM CM m  i CM CM m m m CM m CM 1 m m m m
o a t_ 1
co h- h X 1
O 1
•— 0 1
o CO 1
4- ro 1
to 4 IS) 1•— x 3 0 1
X 0 o ro ---- 1 O — co i CM vO rn CM m CM m CDI vO CO CO CM
u X 0 ---- 1 — — ---- 1 — — — — CM ---- 1 — ---------
t_ JD 0 1
0 — • — 1
Q. Ll. h— 1
•
01
x x *41 4-
O o •— 1 o•— •— F I
IS) 4- 41 ro
X 0 ro — XD 1 E
ro JZ o 0 ro •--- | O
_ X) •— 0 X XD 1 —
ro ro 4- • 4 0 *--- 1 Z)
o •--- IS) 0 4 QJ IS) X
•— 4 o —- 0 ro 01 X ro
4 JZ _ 4) 4 — 1 o X
0 co ro • — •— 01 •— CO
0 •— o E 4- JZ) X 1 IS) X
4 — 4 o 01 0 CD CD
IS) 4- XD 4 > 1 X o  —
4- o •-- 0 X 01 XD —  4
O — XD CD 0 CO ID 1 ro o  ro
ro 0 •--- X 4— •— 1 CD E
x X -X CL 0 0 — XD 1 — X
O 0 o 0 4“ 0 0 X 1 ro X 0
4 0 0 4 ro i 0 X CL
-f- ro — — •— XD i 0 0 0
x -— 4- ro 0 0 X —  1 4” 4 X
O •— t_ X JZ ro roi 0 ro 3 —
CL x X? 0 O 4 X 1 0 — o ro
ZD 0 4 o 4 01 4 •— X x— l_ ro 4 CD 4  1 d X  0
ro 0 0 — XD ro X ro i r~ ZD 4
X •--- • 4 • — 0 O 0 ---- 1 -f— x  ro
4 +* IS) 4 CQ 0 X 4 •— | o x  —
x 0 0 4  1 ro ro CO IS) CD 1 X • ro —
0 0 4— ---- 1 o 0 ro •--- I 4 □  a
— > 4 0 ---- 1 co • X O 0 1 M— CD ZD
•--- 0 ro i 0 o X X o X
ro x •o 4 t_ i X X J Z O 0  1 0 •
4- •— 0 0  i • o •— 4- CD 01 4 4 4  •
TD J Z 4  1 0 •--- 4— l CD IS) CD —
0 /-N c 4 ro i Cl 0 XD ^4 X IS) 1 X •— X  4-
0  1 0 J Z 4 0 O ---- \ o 0 X 4- •— 01 0 0 0  —
X  | X 4- CM o .a •— | •--- J Z ro CM 4 1 4— X 4
O 1 o 'w' 0 x  1 0 XD 0 1 IS) o 0
•— 4— 0 x ro l 0 ro X 0 X  I •— CD X
0  1 0 o x X) •— J Z o X ro 0 4— 1 0 to O
0  1 0 x  i O 0  1 XD 0 O 0 0 O i X X X  —
J Z  1 J Z 0 0  i 0 4  X  | ro 4 4 •— X 4— JZ) 1 O •— O 4
-O 1 -a •-- -- 1 4 — o CD 1 0 ro 4 CD 0 i CD cd ro
ro i ro E —  j ro CO x 0 1 _ — o ro X 0 4- 1 0 0
> ro i a c 0 CL | ro CL •— a •— 4 O l X IS) x  — 0
-- 1 — X) E 1 •— •— 4— 0  1 X E 4- •— 1 •— ro --4- •—
ro i ro •— 0  1 4- IS) 0 0 O •-- 4- — 4- IS) 1 0 •-- E
X 1 x •a •-- •— XD 1 4 o o •-- ra O X  1 0 X 0  CD 4
0  1 0 •— 0  1 o IS) 0  1 ro — o X O 1 0 CD 0  — td
0 4- 1 4- CL -O 1 — 0 c •—  | — XD ro — 0 X •—  1 ro X ro ro •--
0 ro i ro 0 ro O 4- 1 •— X o ro 4 O 0  1 0 •— 0 CD •a
CO — O 1 O 4 u •-- 1 XI ro CD ro •— 0  1 X X •—
c •— 1 •— — 4  1 ro sz O 1 — — 4— X  1 o — o  — CL
ro X 1 x ro — E Q- TD —  1 0 — ro — •— ro XD 1 X ro x  ro 0
j z ro i . ro X td 1 ro 4 o 0 ro i ro ro X ro X CD ro i •— X —  X
o 0 0  1 i_ JZ x 0 O 1 O X 0 X •-- i 0 0 4-
4- 1 4- 4 L. 1 0 CD 4 ro X 0 4 0 4 4- 0 1 4 4 4  4 O
to -X 1 J Z ro ro i 4 x X 0 3 1 •— 4 ro 4 X •-- X 1 X ro j z  ro 0
IS) CO 1 CO— 0  i ro 0 0 X 0 1 x ro — ro CO CD 0  i CO— co — — —
o •—  1 •— •— CL 1 — l_ CL CD 4— 1 XI — •— — •— — >  i •— 4
-- 1 — x CL 1 •— ro >- x •— — X •— — ro 01 — X —  X ro IS)
e> CO 1 CO ZD <  1 CD CL x — <  1 X CQ ZD OQ CO CD CO 1 CO ZD to ZD 4 0
1 4-
1 0
1 —
+ 4- 0 * 1 CT
■X O 0 in i tn O O  1 tn O CO O O o O  1 tn tn tn in X
rr  CO 4- CO 1 4 4 O  1 4 CO in •vf in in ■M 4  1 CM in 4  4 •-
•- i f ) ro l in ■M- CM t VC m m tn in vo NO 4  1 4' m tn vo 0a) H— 0 1o 1- 1
1
ro
jo* ! CM m Vf- 11 *
0 —  1 1
I « 1 1 X D
<D E ro i i 1 0
CO 4- ro X 0 JT*
CM
1 CO< o QC ■** *
1
r o 1
1
<
60.
The Overa ll Incidence of Lesions Based on 
HistopatholoqicaI and Microbiological Studies
The estimated overall incidence of the lesions encountered in 
all the rams investigated, subsequent to a microscopic examination of sam­
ples, is shown in Table 18. For comparison, the gross findings are included. 
The following lesions were distinguished by histopathologicaI examination:
(a) testicular atrophy and hypoplasia and (b) chronic epididymitis and 
abscesses in the scrotal fascia adjacent to the epididymis.
The overall histopathoIogicaI findings on 116 tissue sections 
from the scrotal contents of 60 rams selected from 923 with gross lesions, 
are given in Tables 18, 19 and 20.
Special HistopathoIoqy of Testicular Tissue
Results of microscopic examination of sections of testicular 
tissue from 54 rams, are given on Tables 19 and 20. The 54 samples were 
classified into 2 broad groups based upon the severity of changes to nor­
mal spermatogenesis. One group of 37 testes, most of which were either 
atrophied or hypoplastic, had definite qualitative and quantitative changes 
(Table 19). In these the testicular weights were abnormally low and the 
amount of testicular fibrous tissue was high. The other group of 17 had 
no definite qualitative changes but 15 were considered to have impaired 
spermatogenesis, if quantitative spermatogenesis in the whole testis was 
considered. Also in many of the 15 rams the total number of seminiferous 
tubules at stages I and 3 varied from the values observed in normal testes 
of the 6 groups of rams (Table 5). Examination of the testicular weights 
of these 17 rams revealed that the testicular weights of 16 were normal.
The ether testis was heavier due to hypertrophy in the normal descended 
testis of a ram with unilateral cryptorchidism.
The Overall Incidence of Abnormal Spermatogenesis
The findings upon examination of testicular tissue of the 
54 rams were used to estimate the incidence of abnormality of spermato-
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TABLE 21
Est i mated Incidence of Rarns i n the Study With Abnormal Spermatogenes i s
Type of Lesion Number of Rams 
Wi th Abnorma1 
Spermatogenes i s
(a)
Number of Rams 
Quantitative 1y 
Spermatogenes i s
(b)
With 
1mpa i red 
On ly
Atrophy/hypop1 as i a 266* (11.6)** 96 (4.8)
Cryptorch i d i sm 92 (4.0) NIL
Chron i c ep i d i dy-
mitis / abscesses 48 (2. 1 ) 13 (0.6)
Testicu1ar aplasia 1 (0.04) NIL
Tota 1 407 (17.7) 109 (5.3)
* This figure allows for the 48 testes which were atrophied and also 
had chronic epididymitis or abscesses.
** The figure in each parenthesis is the incidence of the gross lesion 
expressed as a percentage of the total number of rams examined, 
2,281.
genesis l ik e ly  to  be present in a l l  o f the rams investigated  (Table 21).
An estimated 407 rams in th is  study had abnormal spermatogenesis, repre ­
senting 17.7$ of the to ta l of 2,281 rams examined. Four types o f gross 
lesions were associated  w ith abnormal spermatogenesis but of these, t e s t i ­
cu la r  atrophy/hypopI as ia  had the h ighest incidence. This cond ition  was 
observed in 13.7$ o f a l l  the 2,281 rams examined in th is  study. For com­
p a ra tive  purposes in Table 21, the number of rams with s l ig h t ly  abnormal 
spermatogenesis (column b) were subtracted from the to ta ls  in column (a ) .  
A lso, fo r comparative purposes the estimated number of rams w ith chron ic 
ep id idym itis  o r abscesses of the scro ta l fa sc ia  asso. ' ated w ith t e s t ic u la r  
atrophy is  given Tn Table 21.
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DISCUSSION 
(A) NORMAL TESTES
1. Macroscop ic  Examinat ion
The method used in t h i s  s tudy  f o r  g r o s s  examinat ion  proved to 
be s a t i s f a c t o r y  f o r  c l a s s i f y i n g  the s c r o t a l  con ten ts  of 2,281 rams in to  
normal and abnormal. The on ly  examinat ion  which may have caused d i f f i c u l t y  
was the assessment  o f  t e s t i c u l a r  t i s s u e  as normal o r  abnormal a f t e r  i n ­
c i s i o n  and examinat ion  o f  the cut  s u r f a c e s  and the t e s t  f o r  r e s i s t a n c e  by 
thumb p re s su re .  Increased  co n s i s t e n cy  may have r e su l t ed  from increased  f i ­
b rous  t i s s u e ,  reduced s i z e  o f  sem in i f e rou s  t ubu le s  o r  reduct ion  o f  normal 
t u r g i d i t y  in the spermatogenic  c e l l s .  I t  was found t h a t  t h i s  g r o s s  method 
cou ld  be recommended f o r  determin ing  normal t e s t e s .  Te s te s  were cons ide red  
normal when (a) they  were s l i g h t l y  r e s i l i e n t  to  pa lpa t ion  from the e x t e r i o r ;  
and when (b) i n c i s e d ,  the cu t  s u r fa ce s  bu lged, were s l i g h t l y  m o i s t ,  un iform 
l i g h t  grey  to cream, had a uniform g r a n u l a r  appearance and the re  was l i t t l e  
r e s i s t a n c e  to  thumb p re s su re .
2. H i s t o l o g y
The c r i t e r i a  f o r  s e l e c t i n g  normal t e s t e s  g r o s s l y  was found to  
be v a l i d ,  as s e c t i o n s  from these  t e s t e s  were h i s t o l o g i c a l l y  normal. The 
l a t t e r  was based on the  number o f  se m in i f e ro u s  t ubu le s  and amounts o f  f i ­
brous  t i s s u e  p re sen t  o ve r  the standard  d i s tance  used, by c l a s s i f y i n g  the 
s e m in i f e rou s  tubu le s  i n to  3 s tage s  o f  spermatogenes i s  in s tead  o f  the 8 s tage  
c y c le  (Ortavant  1959) the numbers o f  t ub u le s  at p re -m e io t i c ,  n e i o t i c  and 
p o s t -m e io t i c  s t a ge s .  T h i s  modif ied  method was based on the  examinat ion  o f  
spermat id s  at d i f f e r e n t  s tage s  o f  m atu r i ty .  However, o th e r  c e l l s  in the 
spermatogenic  c y c le  were recogn ised  i f  there  was in te r fe rence  with  p roauc t ion  
of  normal numbers o f  spermat id s  o r  i f  f u r t h e r  d e t a i l s  on o the r  spermatogenic  
c e l l s  was warranted,  f o r  example, in t e s t i c u l a r  h y po p la s i a .  The technique 
was, t h e re fo re ,  s im p le ,  easy  and r e l i a b l e  f o r  a s s e s s i n g  q u a l i t a t i v e  and 
q u a n t i t a t i v e  a spec t s  o f  spermatogenes i s  in both normal and abnormal t e s t i c u ­
l a r  t i s s u e .  I t  would be d i f f i c u l t  to  e va lua te  t h i s  techn ique by comparing
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it  with that commonly employed for bulls where direct counts of spermato- 
genic ce lls  are done and allowances made for shrinkage of tissues during 
histological preparations (Amann 1962). A factor which would tend to re­
duce the re l ia b i l i t y  of d irect counting of spermatogenic ce lls  would be 
the presence of artefacts due to histological preparation which causes 
desquamation of spermatogenic ce lls . These artefacts
were observed In apparently normal te s ticu la r tissue during the present work 
although care was exercised to prevent the ir occurrence during preparation 
of the tissues.
3. Testicu Iar Weiqht
The method employed for c lassifying a ll the normal rams Into 
age groups based on examination of the ir Incisor teeth, was successful 
for relating tes ticu la r weight to age. In th is regard differences between 
the mean weights of each age group were highly s ign ifican t (P<0.00l). The 
method, however, was of value only as a broad c la ss ifica tio n . It  was ob­
vious from the wide standard deviation of 105 gm for the means for each age 
group that rams within each age group had normal spermatogenesis despite 
wide variations in testicu la r weight. A major reason for th is variation 
waS'the Inaccuracy of estimating the actual age of individual rams. As 
previously indicated the method used c lass ified  rams Into broad age groups. 
Individuals within particu lar age group could vary in age up to 12 months 
in the 2 years to 4 year groups,and up to 6 months In the I to 2 year groups. 
The average age of ram lambs, 9 months, was an estimate based on the pre­
sence of temporary incisor teeth and body weights of these rams which 
would exceed those of 6 month old ram lambs. In the group c lass ified  as 
"aged" the actual ages of individual rams probably varied considerably.
These rams had no more permanent incisors than the "fu ll mouth" or 3 to 4 
year old group but were c lass ified  into a d ifferent group from the la tte r 
because of the presence of broken teeth and recession of gums. The accuracy 
of measuring age of Individuals is rendered more d i f f i cu l t  by the accelera­
tion of these changes due to poor nutrition (Belschner 1959). However the
65 .
group classified as aged ("broken mouth") did have a mean testicular weight 
which was significantly greater (P < 0.001) than the 3 to 4 year old group.
In commercial breeding flocks throughout the sheep industry of Australia 
age is estimated only by examination of the incisor teeth.
In European countries seasonal changes, at least in part due to 
changes in photoperiodism (Ortavant 1961; Clegg and Ganong 1969), are 
associated with cyclic changes in testicular weight and seminiferous 
epithelium (Maqsood 1951). Such cyclic changes appear to be unreported 
in Merino rams in Australia. The possibility of seasonal differences in 
testicular weights was not investigated in this study; testes were collected 
only in the summer months.
Rams with testicular weight at the lower end of the normal range 
for their age group would probably have impaired spermatogenesis, if 
spermatogenesis of the testis as a whole is considered in the quantitative 
sense. Many workers have noted a correlation between spermatogenic 
production and testicular weight in various animal species (Edwards 1940; 
Ortavant 1952; Willet and Ohms 1957; Amann 1962). Quantitative studies 
in the ram (Bascom and Osterud 1925) have found that variations in the 
length of the seminiferous tubules can account for differences in testicular 
size, weight and spermatogenesis.
In the present work a graph of the normal testicular weights 
(Figure 51) revealed that the growth rate of the testes, measured by 
testicular weight, decreased with each age group of rams. This growth 
rate decrease was -slow, up to the age of approximately 2 years, but more 
rapid after this age. The variation in rate of growth was apparent although 
the mean weight of testes from different age groups were significantly 
different (P<0.00l). It has been proposed that increase in testicular 
weights in older rams may be associated with concominant increase in 
fibrous tissue (Hooker 1944; Watson e i _  £_[_ 1956). However, in the present 
study, in the normal rams, there was no more than \ %  fibrous tissue present
in young rams and 2$ in older rams. It is possible that the testes 
described by Hooker (1944) had testicular degeneration which is caused by 
nothing more than ageing or senility factors (Bishop 1970).
The ratio of testicular weight to age of ram, in the younger 
rams of the present study, was simi lar to that observed by Carmon and Green 
(1952). However, Watson et_ aj_ (1956) found that the ratio was sigmoid 
and that a closer relationship existed between bodyweight and testicular 
weight than with age of ram and testicular weight. They used I 10 rams of 
restricted age range, one week to 16 months, and of restricted bodyweight, 
not exceeding 45 kg. This contrasts with the present study in which 
1,358 rams were used aged between 9 months and at least 4 years and had 
bodyweights which often exceeded 45 kg.
It is possible that, in older rams, the use of bodyweight/ 
testicular weight ratio would be less accurate than age of ram/testicular 
weight ratio. In this regard, it is generally known that fluctuations in 
bodyweight may occur, even over short periods of time, as a reflection of 
the amount of body fat present. However comparisons of this type were 
not investigated here and no relevant reports, on older Merino rams with 
normal testes, appear to have been previously made.
(B) ABNORMALITIES OF THE SCROTAL CONTENTS
I. Adhesions
Gunn et_ aj_ (1942) and Miller and Moule (1954) reported that 
adhesions of the tunica vaginalis were frequently associated with epididymit 
testicular atrophy and orchitis but these workers gave no further details 
on the incidence and nature of adhesions. Results of the present work 
revealed that adhesions occurred more commonly than any other lesion, 20.6$ 
of total rams examined. However, the presence of adhesions had little 
overall effect on spermatogenesis of most rams examined. This was revealed 
by the finding that 68$ of testes with adhesions had no other lesions. This 
means that at least 68$ of the rams with adhesions were unlikely to have 
any abnormality of spermatogenesis. The cause of most adhesions was
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considered to be trauma because most adhesions were located at the tail of 
the epididymis or ventral aspect of the test is.of 84$ of those rams with 
adhesions only. The pendulous nature of rams’ testes obviously renders 
them liable to damage by trauma. Traumatic epididymitis has been 
observed when rams were crowded together in a race and their testes were 
being hit by horns of other rams (Pulsford et_ aj_ 1968).
2. CaIc ? f i cat i on
Calcified areas observed in the testicular parenchyma of rams 
in the present study have been observed in Merino rams on macroscopic 
examination but their true nature was not previously indicated (Gunn et a I 
1942; Miller and Moule 1954). However, in other species especially 
cattle, the pathology has commonly been reported (Webster 1932; Barker 
1956; Lancaster 1956; McEntee 1958; Jubb and Kennedy 1970; Nieberle 
and Cohrs 1967).
The overall incidence of calcification was high, 13.8$ of the 
2,281 rams examined. However, the presence of calcium salts alone did 
not appear to affect spermatogenesis significantly. Spermatogenesis 
was affected when the testicular parenchyma was firmer than normal. Only 
58 of the 317 sheep with calcification were considered to have increased 
consistency of testicular tissue. This represented 2.6$ of the total 
examined and was therefore considerably less than the overall incidence 
of calcification (13.8$). It was, therefore, apparent that dystrophic 
calcification of spermatozoa was present in testes which .were otherwise 
normal and also could be found in testes with various degenerative changes, 
including testicular degeneration and fibrosis.
In this study calcium deposits were most commonly observed in 
testicular parenchyma of older age groups of rams, with or without other 
changes. This phenomena has also been reported by others in Merino rams 
(Gunn et al 1942; Miller and Moule 1954), bulls (Barker 1956; McEntee
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1958; Nieberle and Cohrs 1967; Jubb and Kennedy 1970) and goats (Nieberle
and Cohrs 1967; Jubb and Kennedy 1970). Why this should occur in older
animals, is not entirely clear. It could be partly associated with the
increase of degenerated sperm which occur in older animals. This has
been observed in old bulls by Rao (1971) who reported that the incidence
of sperm abnormalities in old bulls was apparently due to defective
spermiogenesis rather than dysfunction of absorptive ability in the male
often
genital tract. Bishop (1970), however, reported that there were/no 
obvious changes in quality of semen although there was plenty of evidence 
that bulls declined slowly in fertility after 3 or 4 years of age. He 
attributed this decline in fertility to a gradual increase in the number 
of early-acting lethal factors carried by spermatozoa which caused early 
embryonic death (Bishop 1964). Bishop (1970) also suggested, based on 
observations by Young (1929, 1931) and Tesh and Glover (1966) that the 
fertility of older males may well be depressed if passage of sperm through 
the epididymis is prolonged, resulting in ageing of sperm. Passage of 
sperm could be prolonged by decreased frequency of ejaculation, or 
decreased production of sperm by the testis, or decreased peristaltic 
contractions of the ductus epididymis, or if some age-dependent change 
reduces the ability of the epididymis to maintain the integrity of the 
spermatozoa (Bishop 1970). The incidence of dead spermatozoa was lower 
in second ejaculates than in first ejaculates in bulls but the fertility 
was notsignif¡cantIy different (Bishop et aj_ 1954). In the guinea pig, 
with prolonged periods between ejaculations, the number of dead and 
senescent spermatozoa in the ejaculate increased (Simeone and Young 1931). 
Most sperm do not just remain indefinitely in the epididymis for the next 
ejaculation. If this were so the accumulation of sperm which are 
continuously produced would create increased pressures in the testis and 
epididymis and result in degenerative changes of these structures. Most 
sperm, 88# of the daily sperm production, are voided in the urine of 
Merino rams (Lino et^  aj_ 1967). Other mechanisms^reported in man, bulls,
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rams and laboratory animals which attempt to explain the fate of abnormal 
sperm and their precursors or excess sperm or excess seminal fluids are: 
dissolution and phagocytosis of spermatogenic cells by Sertoli cells or 
by epididymal cells, and autolysis of spermatogenic cells followed by 
absorption, together with excess seminal fluid, through the male genital 
tract wall, particularly through the vasa efferentia of the head of the 
epididymis (Lacy I960; Phadke and Phadke 1961; Phadke 1963, 1964; Nicander 
1963; Sapsford 1963; Lacy and Lofts 1965; Rao 1971; Crabo erf a_l_ 1971).
It has been suggested that the contractile properties of the seminiferous 
tubules may decrease in old bulls leading to stasis and calcification of 
sperm in the testes (Rao 1971). It appears therefore, that the 
deposition of calcium salts in otherwise normal old ram testes in the 
present study could be the result of the interaction of many factors 
outlined above. In old bulls the most important factors observed were 
the high levels of abnormal sperm due to defective spermiogenesis (Bishop 
1970; Rao 1971) and the prolonged passage of sperm in the male genital 
tract resulting in high numbers of aged sperm (Bishop 1970). These factors 
could account for stasis, degeneration and calcification of sperm which 
have been observed in otherwise normal testes. Whether calcification of 
sperm precedes or is a result of degeneration and calcification of testicular 
epithelium in atrophied testes is unknown. Barker (1956) believed that 
degeneration and calcification of seminiferous tubules preceded sperm 
stasis, degeneration and calcification. However the above evidence would 
tend, perhaps, to oppose Barker's theory. The possibility that sperm 
stasis (agglutination) and calcification may result from immune mechanisms 
such as anti-sperm antibodies (Rumke and He I Iinga 1956; Glynn and Holborow 
1965) could also be considered.
There is little likelihood that the calcified specks which 
were commonly observed in the mid testis of some rams resulted from a poorer 
blood supply than other regions because Harrison (1949), Harrison and Weiner 
(1949) and Kirby (1953) stated that the blood vessels run straight to the
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re+e testis then branch and pass back to supply the more peripheral areas.
Calcification immediately under the tunica albuginea occurred 
in a few rams but the true nature of these lesions was not determined.
Similar lesions resulting from calcification of the internal spermatic 
vessel walls and tunica albuginea have been observed in mice (Hummel 1964).
3. Testicular Atrophy/Hypoplasia
Macroscopic examination was not an accurate method of distinguishing 
between testicular atrophy and hypoplasia because the testes were small in 
both conditions. Distortion of the testis, due to increased fibrous tissue 
associated with testicular atrophy was uniformly distributed throughout the 
testicular parenchyma and did not produce marked scarring. One ram,
(No. 10, Table 19) for example, had hypoplastic testes as indicated by 
(a) its youth, and (b) arrest of spermatogenesis at stage I to 3 of the 
spermatogenic cycle. However, there was \2% interstitial fibrous tissue 
present and this excessive fibrous tissue could also indicate testicular 
degeneration (Jubb and Kennedy 1970). Degeneration of spermatogenic cells 
can occur in both hypoplastic and atrophied testes (Nieberle and Cohrs 1967;
Jubb and Kennedy 1970). It is apparent, then, that a number of factors 
should be considered, both at the macroscopic and microscopic level, before 
making pronouncements on whether a particular testis is atrophic, associated 
with degeneration, or hypoplastic. The predisposition of hypoplasia to 
testicular degeneration and atrophy (Jubb and Kennedy 1970) should also be 
considered. The possibi Iity that testicular hypoplasia may not be of 
congenital origin also causes further problems in attempting to distinguish 
between atrophy and hypoplasia. Underwood and Somers (1969) reported that 
testicular hypoplasia was found in young rams fed on zinc deficient diets.
Bishop (1970) stated that the distinction between testicular atrophy and 
hypoplasia was not always valid. It appears from the above that, to avoid 
confusion, the term ’’testicular atrophv" would perhaps be suitable for all
testes showing the above pathology and that the aetiology of this condition 
could be classified as congenital or acquired.
It appears that most of the testes in this group were 
atrophied and not hypoplastic. In this regard it was found that of 48 
sections examined for atrophy or hypoplasia, 45 were atrophic and 
3 hypoplastic. The estimated overall incidence of testicular atrophy and 
hypoplasia in the 2,281 rams examined, was 12.4$ and 1.3$ respectively.
Gunn et aj_ (1942) and Mi Iler and Moule (1954) found an i ncrease in 
testicular atrophy with age, findings which agree with the present 
investigation. However, the incidence of testicular atrophy/hypoplasia 
was considerably higher here than reported by these workers. The more 
detailed pathological examination carried out allowed detection of more 
subtle increases in consistency of testicular parenchyma; 214 of the 314 
rams with testicular atrophy of hypoplasia had slight (1+) or mild (2+) 
levelsof increased consistency of testicular parenchyma (Table 12).
HistopathologicaI examination of sections from tissue classified 
as testicular atrophy or hypoplasia revealed a wide range of degenerative 
changes. Spermatogenic cells and various degenerative changes including 
giant cell formation of round spermatids, nuclear pycnosis, fading and 
excessive eosinophil¡a of cytoplasm, vacuolation and fragmentation and 
lysis of spermatogenic cells. The extent of degeneration often varied 
from area to area or tubule to tubule. All these degenerative forms have 
been described by other authors (Jubb and Kennedy 1970; Nieberle and Cohrs 
1967). There were macrophages, containing a yellow pigment (Table 19, 
ram Nos. 36 and 38); these pigment granules were present, in the older 
rams, in the interstitial tissue together with a few scattered lymphocytes 
and plasma cells. The pigment granules were negative for ferric ions and 
were probably "wear and tear" pigment granules (Jubb and Kennedy 1970) or 
iipofuscin granules (Phadke 1963). This conclusion is also supported by 
the increase in brown colouration observed macroscopicaI Iy in otherwise
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normal testicular parenchyma of older rams. Bishop (1970) stated that in 
man the presence of lipofuscin granules in interstitial tissue of testes 
is normal in the ageing or senility condition of man and animals.
The fibrosis of interstitial tissue with or without testicular 
degeneration observed in old rams was probably a normal physiological 
phenomenon of the ageing process also (Bishop 1970; Rao 1971).
HistopathologicaI examination of hypoplastic testes revealed 
characteristic arrest of spermatogenesis as described by other workers 
(Nieberle and Cohrs 1967; Jubb and Kennedy 1970), and usually occurred 
at stages I to 3 of the Ortavant (1959) . classification. Jubb and
Kennedy (1970) classified hypoplastic testes into severe, intermediate 
and mild forms. All of these forms were seen in these rams. Similar 
forms of testicular hypoplasia to those observed in Swedish cattle characteris 
by"sticky chromosomes and multispindle formations" (Knudsen 1961 a, b) were 
not found here and there was no indication that there wasahigh incidence 
of testicular hypoplasia of this type in this breed.
In each age group, the mean testicular weight of testes with 
atrophy/hypopI asia were significantly less (P < 0.001 in all age groups) 
than the mean weight of normal testes. The graph (Figure 51 ) clearly 
demonstrates these differences. It may be seen that the curve depicting 
the weights of testicular atrophy/hypoplasia is not straight. The curve 
is straight until the point corresponding to the I^  year old rams then 
it flattens out until the point corresponding to the 2^ year old rams is 
reached and thereafter becomes steeper. The shape of this curve is 
considered to result from the depiction in it of two different diseases, 
testicular atrophy and testicular hypoplasia. HistopathoIogicaI examination 
indicated that most young rams with increased consistency had hypoplastic 
testes and that older rams had atrophied testes. As a result of this 
examination it is proposed that the first portion of the curve depicts the 
age/weight ratio of hypoplastic testes and the distant portion represents 
testicular atrophy. The mid portion, indicated by a dotted line, depicts 
testes which are either hypoplastic or atrophied or perhaps hypoplastic 
which had subsequently undergone testicular degeneration (Jubb and Kennedy 
1970). Howeve^ as pointed out previously from this work and by Bishop (1970) 
the distinction between testicular hypoplasia and atrophy may not always 
be valid.
A . Congenital Retention Cysts
Congenital retention cysts were found in 136 (5.9%) of the 
2,281 rams examined. They have also been observed frequently in Merino 
rams in Queensland (personal observations). However, despite this high 
incidence, the pathology of these cysts appears to be unreported.
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Pathological examination of the cysts revealed that they were 
terminal parts of efferent tubules which had become isolated by aplasia 
of the mesonephric tubule immediately proximal to them. They were there­
fore considered to be embryoIogicaI aberrations of mesonephric tubules 
within the mesonephros. The cysts did not exceed 4mm in diameter, were 
only slightly elevated and had no stalks, even in old rams. This 
would be expected, as these cysts were deeply imbedded beneath the tunic 
albuginea which is a tough fibrous connective tissue membrane. Also, the 
internal pressure would tend to flatten the epithelial cells and inhibit 
their ability to secrete further fluid.
Other types of developmental abnormalities of the mesonephros 
(Wolffian body) and mesonephric (Wolffian) duct may produce cystic struc­
tures containing clear fluid. They are not uncommon in man and in this 
species are known as hydatids of Morgagni (Robinson 1898; Michelsen 1949; 
Murnaghan 1959; Willis 1962) or appendix epididymis (Sundarasivarao 1953).
They are vestiges of the blind cranial end of the Wolffian duct (Willis 1962). 
Though located in a similar position to congenital retention cysts they 
were, however, usually attached by a stalk or pedicle and the terminal por­
tion is elongated, vesicular, spherical or ovoid. Also, the cysts had epi­
thelial cells which were non-ciliated columnar types, the contents were 
mucoid and they were not seen in the absence of appendix testis (Sundara- 
sivarao 1953). These features are in contrast to those of the cysts here 
which had ciliated, flattened cells and contents of a clear watery nature.
No appendix testis was observed.
Spermatocoeles and spermatic granulomas were observed in the 
head of the epididymis of rams in this study and their pathology is des­
cribed and discussed. They occur commonly in rams and goats (Jubb and 
Kennedy 1970; Nieberle and Cohrs 1967) and in bulls (Blom and Christensen 
1947; Ashdown 1958; Gustafsson 1966 and Nieberle and Cohrs ¡967). These 
authors considered that the lesions resulted from aberrations of the meso-
nephros and mesonephric duct and in this respect they are simi lar to the 
cysts described here. However, the cysts observed by these other workers 
were different in other respects as they could be found in various parts 
of the head of the epididymis, they were considerably larger than congenital 
retention cysts and they contained semen.
The small congenital retention cysts of kidneys often seen in 
pigs and less so in other domestic animals, have a macroscopic appearance 
closely resembling these cysts. Their origin is also somewhat analogous, 
in that they represent a failure of proper connection of tubules during 
deveIopment.
5. Cryptorch i d i sm
Gunn erf aj_ (1942) and Miller and Moule (1954) reported that 
cryptorchidism occurred in less than \ % of the total rams they examined. 
Moule (1950) reported that nearly 4$ of the total rams examined had 
cryptorchidism, which is a similar incidence to that found in the present 
study.
The degenerative changes observed in the seminiferous epithelium 
of the cryptorchid testis in this study were similar to that described 
previously (Nieberle and Cohrs 1967; Jubb and Kennedy 1970). The 
degeneration observed may have been due to hyperthermia of the abdominal 
environment (Jubb and Kennedy 1970). Clegg (1965a, b) found that 
seminiferous epithelium of the rat was destroyed by transferring the testis 
from a scrotal to an abdominal position. However cryptorchid testes may 
remain in this environment up to the age of 12 years in man and normal 
spermatogenesis can still be brought about if the testes are surgically 
drawn into the scrotal position (Maneine et_ 1965; Spork and Mitchell 
1969). This indicates that hormonal changes at puberty may contribute 
fo irreversible changes observed in testes of untreated male cryptorchids.
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6 . Chronic Epididymitis and Abscesses of the Scrotal Fascia
The microbiological studies, including cause of chronic 
epididymitis and abscesses of the scrotal fascia will be discussed under 
the heading of overall incidence. The cause of spermatic granulomas 
and spermatocoeIes of the head of the epididymis has been discussed, under 
congenital retention cysts (vide supra).
The pathological findings were similar to those which have 
been well recorded elsewhere in farm animals and man (Simmonds 1921; 
Obendorfer 1931; Gunn et_ a]_ 1942; Steinberger and Strauss 1947; Blom 
and Christensen 1947, 1950, I960; Conqvist 1949; Friedman and
Garske 1949; Rieger and Fuller 1953; Miller and Moule 1954;
Sundarasivarao 1955; Nieberle and Cohrs 1967; Jubb and Kennedy 1970). 
Experimental studies of tne pathology and pathogenesis of Br. ovis 
(Kennedy et_ aj_ 1956) and A. seminis (Baynes and Simmons 1968) revealed 
similar degenerative processes in the mucosa of the epithelium by both 
organisms, including formation of intra-epithe Iia I cysts. A. seminis 
was not associated with similar epithelial cyst formations in the present 
work.
Chronic epididymitis and abscesses of the scrotal fascia were 
associated with testicular degeneration. The testicular degeneration 
was probably caused by obliteration of efferent ducts and/or epididymal 
duct by fibrous tissue with subsequent pressure atrophy of the testis due 
to contained seminal fluid. Obliteration of efferent ducts or epididymal 
duct by surgical interference resulted in testicular degeneration in bulls, 
presumably due to increased intratesticular fluid (Gustafsson 1966). There 
was much fluid in the testis of the bull whose vasa efferentia was 
experimentally incised. This increase in fluid probably resulted from 
the prevention of the normal function of the caput epididymis which is 
the major portion for resorption of testicular fluid (Gustafsson 1966). 
Widespread adhesions of the tunica vaginalis, frequently observed wifh
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these lesions, would interfere with normal heat dissipating mechanisms and 
the resultant hyperthermia could induce testicular degeneration. As 
pointed out on page 68 above, mild adhesions were frequently seen in 
association with normal testicular tissue.
7. Varicocoeles
An incidence of 2.0$ varicocoeles in the present work was 
higher than reported by Gunn et_ aj_ (1942) of 0.3$ in Queensland and 
0.7$ in northern New South Wales and by Miller and Moule (1954) of 0.9$. 
Physical trauma during transport of the rams examined in the present study 
may have been responsible for the higher incidence of varicocoeles observed 
in this study but definite proof in this regard could not be found.
Nieberle and Cohrs (1967) believed that the fundamental cause of varicocoele 
formation was probably hypoplasia of the wall of the vein, which then 
undergoes subsequent dilation.
The present study confirmed that most varicocoeles could be 
found in the veins of the pampiniform plexus. There was no indication 
of intimal arteriosclerosis as reported by Jensen et a\_ (1962). The high 
incidence, in this study, of bilateral involvement (70$) was in contrast 
to man where varicocoeles are usually unilateral and on the left side 
(Davis et_aj_ 1966; Tessler and Krahn 1966). There was no indication 
that the cremaster vein was involved which was also in contrast to the 
findings in man (Harrison and Barclay 1948; Hanley and Harrison 1962).
In fact one testis had varicocoeles in the testis proper, involving the 
internal spermatic vein. In man, there have been variable reports 
regarding the effects of varicocoeles of spermatogenesis; most workers 
found that patients with varicocoeles may have normal spermatogenesis, 
others noted abnormal spermatogenesis. A direct causal relationship of 
varicocoele to abnormal spermatogenesis has not been found in man (Raboch, 
Zahor and Howolka 1928; Palomo 1949; Tulloch 1951, 1955, 1962; Davidson 
1954; Russel 1954; Hanley 1956; Young 1956; Scott 1958; McLeod ¡965;
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Davis ! l i [  1966; Harrison 1966; Tessler and Krahn 1966; Etriby et a)
1967). However, in the present work, there was a significant relationship 
(P<0.05) between varicocoeles and testicular degenerative conditions. It 
seems quite probable, from these results, that varicocoeles of long duration 
could result in testicular degeneration in many Merino rams particularly with 
large, often bilateral varicocoeles. There may have been ischaemia or 
interference with dissipation of heat from the spermatic artery to the 
veins of the pampiniform plexus (Harrison 1949; Harrison and Weiner 1949;
Kirby 1953; Dahl and Herrick 1959; Waites and Moule I960, 1961) in which 
persistently high temperatures may have resulted in testicular degeneration. 
Contrary to this, however, Tessler and Krahn (1966) found in man that 
testicular temperatures were unaltered in varicocoeles patients. In contrast 
to the findings in this study, Gunn et_ £_l_ (1942) on the basis of semen 
examination of rams, believed that varicocoeles did not affect spermatogenesis.
8. NeopI asms
There appears to be no previous report of a seminoma in sheep in 
Australia. Overseas, seminomas in sheep have been reported by Jensen and 
Flint (1963) and Shortridge and Cordes (1969). The finding here of testicular 
atrophy differed from that reported by these workers. The syncitial-like 
arrangement of the neoplastic cells closely resembled those described by 
Jensen and Flint (1963) for intra-tubular growth only. Invasion from the 
seminiferous tubules info the interstitial tissue was a feature which was 
also reported by Shortridge and Cordes (1969) and Dow (1962) in the dog. 
Haemorrhage and necrosis observed by Shortridge and Cordes (1969) did not 
occur in the present neoplasm.
9. Testicular Hypertrophy
One unilateral cryptorchid ram had hypertrophy of the normal 
descended testis. The hypertrophied testis was heavier than normal 
(394 gm.), had fewer but larger tubules per unit area than normal, no 
evidence of degenerated spermatogenic cells and a low percentage of fibrous 
tissue (6/t). It is generally accepted that, in paired organs, malfunction 
of one frequently results in hypertrophy of the other. However there 
appears to be no previous report of suspected compensatory hypertrophy of 
the testis as seen in one of the rams in this study.
The O vera ll Incidence of Lesions A fte r  G ro ss ,
H is to p a th o lo q îc a l  and M ic ro b io lo g ic a l  S tud ie s
The gross examination resu lted  in the detect ion  o f le s io n s  in 
40.4$ of the rams examined. Erght d i f f e r e n t  types o f le s io n s  were recog­
nised and these were present to vario u s  degrees of s e v e r i t y .  Many le s io n s  
were m u lt ip le .  The le s io n s  which occurred most commonly in 2,281 rams ex­
amined, were: adhesions, 20.6$; c a l c i f i c a t i o n ,  13.8$ and atrophy/hypo- 
p la s ia  13.7$. Other le s io n s  which occurred less  fre q u e n tly  were: congeni­
ta l reten tio n  c y s t s ,  5 .9$; c ry p to rc h id is m , 4.0$; ch ro n ic  e p id id y m it is /  
abscesses, 2.1$ and va r ic o c o e le s  2 .0$. With some e x ce p t io n s ,  these 8 types 
of gross  le s io n s  could be recognised a f t e r  removal of the scrotum and sub­
sequent exposure of the contents. The exceptions were te s t e s  with c a l c i ­
f i c a t io n  of the t e s t i c u l a r  parenchyma, and s l i g h t  to m ild  increased c o n s is ­
ten cy. N either of these le s io n s  could be determined u n t i l  the te s te s  were 
in c is e d .  Therefore i t  is  most u n l ik e ly  th a t  they would have been detected 
by c l i n i c a l  exam ination.
H js to p a th o lo g ic a l  and m ic ro b io lo g ic a l  examination proved to 
be of co n sid erab le  value fo r  determining the nature o f  the les io ns  present 
and the e f f e c t s  o f such le s io n s  upon sperm atogenesis. The method used fo r  
d is t in g u is h in g  between ch ro n ic  e p id id y m it is  and abscesses of the s c ro ta l  
fa s c ia  was s a t i s f a c t o r y .  Sperm atic granulomas and spermatocoeI e s , in 
p a r t i c u l a r ,  g r o s s ly  resembled abscesses as they often had a f ib ro u s t is s u e  
capsu le  surrounding p u s - l ik e  contents. I t  was found th a t  rams which on 
macroscopic examination may have had e it h e r  ch ro n ic  e p id id y m it is  o r  absces­
ses o f the s c r o ta l  fa s c ia  did in f a c t  have ch ro n ic  e p id id y m it is  in 94$ of
«
them. B a c te r ia  were is o la te d  from only  a small number o f these le s io n s .
I f  the 3 abscesses are included b a c te r ia  were is o la te d  from only 15 (30$) 
o f  the 50 examined. Of these i s o la t e s ,  most were the ubiquitous C. o v is  
and C. pyogenes which occurred in 9 o f the '5 i s o la t e s .  The remainder, 
with one excep tio n , were common i s o la t e s .  The exception was A . semi n is  
which was exp e rim en ta lly  transm itted  into experimental rams in a la t e r
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study (Sed ion 3). Five of the 50 lesions examined had leucocytes and 
sperms. These lesions were probably caused by trauma to the epididymis.
However, if the lesions were bacterial then the bacteria had either 
disappeared or were present in very low numbers. The study therefore 
revealed that it was improbable that infectious agents were the cause of 
over 70$ of chronic epididymitis. Other causes were traumatic or 
congenital; trauma was considered to be the cause of 26 (over 52$) lesions 
located in the tail and congenital causes may have been responsible for 
the lesions located in the head of the epididymis, in which 13 (over 26$) 
of the total had chronic epididymitis. Studies of chronic epididymitis 
also revealed that most lesions were unilateral Cover 64$). The presence 
of a normal contra IateraI testis in most rams with unilateral epididymitis 
and the low incidence of bacteria in chronic epididymitis clearly indicated 
that most of the rams may not have had seriously impaired fertility. This 
finding is supported by results of clinical examination and ewe conception 
tests of rams (Edgar I959a_)*
H istopathoIogica1 examination was useful for clarifying the 
nature of 8 different types of gross lesions. Testicular atrophy, 
testicular hypoplasia and testicular hypertrophy were distinguished 
h i stoIog i caI Iy.
Microbiological and histopathoIogica I examinations resulted in 
identification of 12 different types of lesions (Table 18).
In relating the type of gross lesion present, and macroscopic 
examination used, to subsequent abnormal spermatogenesis it was found that 
abnormal spermatogenesis was best indicated by increased consistency of 
testicular parenchyma. The gross lesions which had +his were testicuiar 
atrophy/hypopI asia and cryptorchidism. Other macroscopic features which 
indicated abnormal spermatogenesis were:
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(a) apparent lack of turgidity of testicular tissue —  
which was probably a result of loss of water and 
electrolytes from degenerated spermatogenic cells 
(Ki ng et_ a_l_ 1959);
(b) increased interstitial fibrous tissue;
(c) smaII size; and,
(d) low testicular weight.
Low testicular weight was indicative of testicular atrophy/hypopI asia 
(Figure 51). The other gross lesions associated with testicular 
degeneration were varicocoeles and chronic epididymitis/abscesses of 
the scrotal fascia. The special examination of 54 sections of testicular 
tissue suggested that 17.7% of the total rams examined had abnormal 
spermatogenesis and 12.4$ of the total were atrophied. Testicular atrophy 
could not readily be distinguished from. testicular hypoplasia on 
macroscopic examination and with some testes this was difficult, even on 
histopathoIogicaI examination.
INVESTIGATIONS ON OVINE BRUCELLOSIS IN MERINO RAMS IN WESTERN
AUSTRALIA
INTRODUCTION
The results of the gross pathological, histopathoIogicaI and 
microbiological studies in Section I indicated that Bruce I I a ov i s 
infection either does not occur or has a low incidence in Merino rams 
in Western Australia. Serum samples of Merino rams submitted to the 
diagnostic laboratory of the Western Australian Department of Agriculture 
were invariably negative (Craig, J.A., 1967, personal communication, 
Department of Agriculture, South Perth, Western Australia). The samples 
were usually from flocks in which there was a clinical problem of 
epididymitis. As there was no published literature on the incidence of 
Br. ov i s infection in Western Australia a serological survey was 
undertaken to obtain information on the status of Merino rams to Br. ovis. 
Pathological and microbiological studies of testes were also carried out 
on the rams serologically tested for Br. ovis.
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MATERIALS AND METHODS
Blood was collected from 377 rams at the abattoirs in 
Perth. Records of the history of these rams indicated'that they 
represented districts covering a wide area of the State and were submitted 
for sale from properties usually in groups of 5 to 15.
Blood samples were collected from the jugular vein as the sheep 
were being killed by exsanguination. The serum was decanted after 
14 hours and kept at 2-4°F for Complement Fixation (C.F.) testing. If 
necessary higher dilutions were tested. The titre was expressed as the 
reciprocal of the highest dilution with 50$ or greater fixation of 
comp Iement.
At the same time that blood was collected from the rams, the 
testes were removed for histopatholog ica I and microbiological studies as 
outlined in Section I. Particular attention was paid to testes with 
evidence of epididymitis.
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TABLE 2 2
Gross Pathology of the Epididymis and Bacicrial Isolates from the Scrotal Contents 
of Merino Rams From Which Serum Samples Were Negative to the C.F. Test for Ovine Brucellosis
Ram
No. Gross Pathology of Epididymis Bacterial Isolate
1 Adhesions of tail of epididymis and tunica vaginalis. 
Tail enlarged to 2 cm diameter. Pus-like caseated 
light green contents
No significant growth
2A Complete adhesion of left epididymis and enlargement 
of head and ta i 1
No significant growth
2B Enlargement of head of right epididymis. Tail 
enlarged, fibrosed and pockets of greeny coloured 
material of creamy consistency
Mixed growth of Staph, spp., 
Gram-negative rods and 
Streptococci spp.
3A Left tail of epididymis enlarged three times normal 
and .showing caseated lesions
Mixed growth of Staphy­
lococci spp., Coccobaci11i, 
Streptococci spp. and 
Gram-negative rods
3B Tail enlarged and showing caseated lesions of green 
coloured material and creamy consistency
No significant growth
4A Complete adhesion of left testis and epididymis.
Tail was increased in size and fibc .tic. A lesion 
in the epididymis was well encapsulated and contained 
creamy green coloured material of creamy consistency
Mixed growth of Gram­
negative rods and Staphy­
lococci spp.
4B Complete adhesions of right testicle and epididymis. 
Fibrosis of tail
Very mixed growth
5 Complete adhesion of head, body and tail of the left 
epididymis. Multiple lesions, containing yellow 
material of creamy consistency, in the epididymis
No significant growth
6 Adhesions over tail of epididymis. Fibrosis and 
pus-like material in epididymis
No significant growth
7 Head and body of right epididymis was enlarged. 
Multiple encapsulated lesions in epididymis 
containing greenish pus-like material
Mixed growth of Coliform 
spp. and Streptococci spp.
8 Left tail of epididymis was enlarged. Multiple 
encapsulated lesions were seen in the epididymis, 
containing green coloured material of creamy 
consistency in some and caseated consistency In 
other lesions
No growth
9 Tail of right epididymis was enlarged. Complete 
adhesions occurred between epididymis and tunica 
vaginalis. Encapsulated lesion containing pate green 
material of creamy consistency was observed
No growth
10 Head of right epididymis was enlarged twice normal. 
Encapsulated inspissated yollow material present in 
ep id idymi s
No growth
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RESULTS
M_[cr°bj_oJ_ogy
All serum samples were negative for the C.F. test for ovine 
bruceI I os i s.
The findings from 10 rams with chronic epididymitis with spermatic 
granuloma or spermatocoeIe formation and 4 rams with abscesses of the 
scrotal fascia are given in Table 22. 11 is of special note that Br. ov i s
was not detected in smears nor was it cultured in samples from these lesions. 
Bacterial isolates from 3 of the 10 rams with spermatic granulomas yielded 
Gram-negative rods (Table 22) with the characteristics given in Table 16.
C. ovis was isolated from the abscesses in 4 rams.
PathoJ_ogj_ca I _F jnd i ngs
Abscesses in the scrotal fascia of 4 rams were typical of those 
of C . ovis infection.
The gross pathological changes in the 10 rams with chronic 
epididymitis are stated in Table 22.
HistopathoIogica1 examination of the epididymis revealed 
characteristic spermatocoeIes in some cases of chronic epididymitis. In 
these, the lumina of the epididymal ducts were dilated and contained 
accumulations of degenerated sperm undergoing dystrophic calcification. 
Spermatic granulomas, in other cases of chronic epididymitis, were 
characterised by extravasation of sperm through eroded epididymal duct 
walls. In these interductal areas there were degenerated sperms, fibrous 
tissue proliferation and infiltration of plasma cells, lymphocytes, 
reticulo-histiocytes and a few polymorphs.
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DISCUSSION
Serological, microbiological and pathological studies failed to 
reveal Br. ovis in 377 Merino rams originating from many districts of 
Western Australia. This finding agrees with the earlier work (Section I) 
in which Br. ovis was not isolated from 2,281 rams examined by pathological 
and microbiological methods.
These results indicate that Br. ovis either is not present or 
has a very low incidence in Merino rams in Western Australia. In contrast, 
the occurrence of ovine brucellosis in British breeds of sheep in Western 
Australia is not uncommon and the incidence may reach high proportions in 
individual flocks (Craig, J.F., 1967, pers.comm.). The low incidence of 
ovine brucellosis in Merino rams in Western Australia may be a direct 
result of the almost non-existence of ovine brucellosis in Merino rams 
on South Australia (Fearn, J.T., 1968, pers.comm., Department of Agriculture, 
Gawler Place, Adelaide, South Australia) as the majority of the rams 
imported into Western Australia originate from South Australia. In 
contrast to these findings in Western Australia and South Australia, a high 
incidence of ovine brucellosis in Merino rams has been reported in New 
South Wales and Queensland (Simmons and Hall 1953; Murray, 1969; Miller,
S.J., pers.comm., Wood Street, Warwick, Queensland).
The lesions of chronic epididymitis with spermatocoeIe or 
spermatic granuloma formation and adhesions between the coats of the 
tunica vaginalis, observed in this study, have been recorded in natural 
and experimental cases of ovine brucellosis (Simmons and Hall 1953;
Doolette 1953; Miller and Moule 1954; Jebson, Hartley and McFarlane 1955; 
Kennedy, Frazier and McGowan 1956). These lesions may represent a 
non-specific epididymal response to injury, whether infectious or non-infectiou 
or of unknown or igin(Gunn, Saunders and Granger 1942; Jamieson and Soltys 
1947; Carrol I 1949; Simmons and Hall 1953; Miller and Moule 1954;
Watts 1955; Baynes and Simmons I960, 1968; Watt 1966; Galloway 1966; 
Pulsford, Eastick, Clapp and Roberts 1967; Ekdahl at aj_ 1968).
The method of selecting tissues for microbiological examination 
from suspect macroscopic lesions likely to be caused by Br. ovis may not 
detect early lesions of ovine brucellosis and associated shedding of 
brucella organisms in the semen (Kennedy at a]_ 1956; Biberstein and 
McGowan 1958; Hughes and Claxtcn 1968). However, the C.F. tests for 
ovine brucellosis carried out on all serum samples in the present work 
should have detected rams with microscopic lesions. In this regard 
Hughes and Claxton (1968) reported that close correlation exists between
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positive C.F. test and associated infection of rams with ovine brucellosis.
A single blood sample for detection of ovine brucellosis by the C.F. test 
as carried out in the present work, is not recommended for field 
investigations. More reliable results have been reported when a number 
of serum samples have been taken from rams at different times over several 
months, are tested for ovine brucellosis (Biberstein and McGowan 1958;
Ryan 1964; Hughes and Claxton 1968; Gorrie and Rushford 1969).
The detection of unclassified Gram-negative bacilli from the 
lesions of 3 rams with epididymitis was an unusual finding. These organisms 
possessed many cultural and biochemical characteristics in common with 
A. seminis (Baynes and Simmons I960). A . semi n i s— I ike organisms have
also been isolated in New Zealand (Ekdahl et_ aj_ 1969) but these organisms 
were not considered close enough to classify them as A . seminis. Further 
work on classification of Acti nobac iIlus and Acti nobaci I I us-Ii ke organi sms 
is required.
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INTRODUCTI ON
This study was undertaken to determine the pathology of 
experimental infection which Actinobaci I I us seminis and to determine if the 
lesions induced by this organism could be differentiated from other similar 
i nfections.
MATERIALS AND METHODS
Colonies from a 24 hour growth of A. seminis on 51 bovine blood 
agar (B.B.A.) were washed from the surface and suspended in nutrient broth
9
to an estimated 4 x 10 bacteria/0.2 ml.
Three Merino rams (Designated I, 2 and 3), 18 months of age were
used for the experimental study. The scrotal wool was shaved 3 days prior
to inoculation. The animals were anaesthetised with sodium pentabarbitone
and the skin surface was sterilised with an antiseptic solution. Both the
right tail and the centre of the testis were inoculated with 0.2 cc doses of
inoculum. Sterile nutrient broth was injected into the same sites on the %
opposite testis as a control using the same volume and a 23 guage needle. 
Semen samples were obtained by electro-ejaculation before inoculation and 
at 7 and 14 days post inoculation (P.I.). On each occasion the semen was 
visually appraised for quality and examined for bacteria in dried smears 
and by culture on B.B.A. and Vibrio fetus agar (V.F.A.).
The rams were slaughtered 21 days P.l. and scrotal contents 
examined microbio IogicaIly by inoculating fluid from the tunica vaginalis 
cavity, tail of epididymis and testis on to B.B.A. and incubation for 
more than 14 days at 37°C in an atmosphere of 10$ CO2 .
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TABLE 23
Clinical and Microbiological Findings after Inoculation 
of Experimental Rams with A . seminis
Exami nation
Days after 
1n o c u 1 at ion
Ram 1 Ram 2 Ram 3
Cli n i c a 1 0 Norma 1 Norma 1 Norma 1
pa 1pation 7 Skin infection Tail of right T a i 1 of right
of scrotal Right testis & epididymis ep i d i dymi s
contents ep id i dymi s s 1i g ht1y s 1ightly
/
enlarged by 
twice normal
enlarged enlarged
14 As for 7 days Right ta i 1 of 
epid i dymi s 
enlarged \ h  
times normal
As for Ram 2
21 Right testis As for 14 days As for 14 days
enlarged \ h  
times normal &
left epididymis 
4 times normal
Appraisal of 0 Low volume of Good semen Good semen
semen samples milky semen ' samp 1e samp 1e
7 Pale milky semen Pale milky 
semen of low
As for Ram 2
volume
14 As for 7 days As for 7 days As for 7 days
21 As above As above As above
Semen smears 0 Norma 1 Norma 1 Norma 1
7 Large numbers of Large numbers As for Ram 2
14 Gram-pos i ti ve of polymorphs
21 rods and massive but no
numbers of organisms
polymorphs
Bacteria 1 0
c u 1 t u re of 7 C. pyogenes A. seminis As for Ram 2
semen i so 1ated 1 i ke organ i sms
14 As above in pure &
2 rof use_a rowt;h
Bacterial 
cu 1 ture of 
testes
21
(At necropsy)
C. pyogenes No growth No growth
Bacteria 1 21 C. pyogenes A. seminis A. seminis
c u 1ture of (At necropsy)
epididymis
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RESULTS
Clinical and microbiological results for 21 days P.l. are given 
in Table 23.
Pathological Findings
Ram I: The right (treated) testis had severe widespread 
adhesions between the epididymis, tunica albuginea and layers of the tunica 
vaginals. The whole epididymis was enlarged, particularly the tail which 
was 4 times larger than the opposite. A single large encapsulated cavity 
filled with dirty yellow material of creamy consistency was present in 
the epididymis after incision.
Sections of the epididymis revealed a characteristic chronic 
epididymitis with spermatic granuloma formation. There was breakdown of 
the epithelium of the epididymal duct and extravasation of sperm into the 
surrounding interstitiurn, with accompanying granulomatous reaction. Massive 
numbers of neutrophils were present in the adjacent lumen of the duct.
The testicular parenchyma revealed mild to moderate degeneration 
of seminiferous epithelium, particularly of the spermatocytes and round 
spermatids. The latter had pycnosis of the nuclei and acidophilic vacuolated 
cytoplasm. Spermatid giant cells were present in some tubules.
epididymis on the
Rams 2 and 3 : Both rams had similar lesions. The/treated side
was twice normal size and there were.extensive adhesions, as seen in Ram I.
The cut surfaces of the epididymis had multiple discrete caseated lesions 
2-3 mm in diameter similar in colour and consistency in Ram I.
The histopathoIogicaI findings on the epididymis and testis of 
Rams 2 and 3 were similar to those described for Ram I.
Mjcrob i o_[og i ca j__F i nd i ngs
A.seminis was recovered from the epididymis of Rams 2 and 3 
(Table 21). Infection of the testis and epididymis of Ram I by C. pyogenes 
was responsible for the lesions and A. semi ni s was not isolated.
DISCUSSION
The pathological findings in this study were similar to those of 
previous workers on A . sem inis (Baynes and Simmons 1968) and Br. ov i s 
(Simmons and Hall 1953; Jebson et aj_ 1955; Kennedy et aj_ 1956; Biberstei 
et aj_ 1964). However, cystic changes in the epithelium of the epididymis 
(Kennedy et a_l_ 1956; Baynes and Simmons 1968) were not observed in the 
present study. These changes may be a more chronic manifestation of the 
disease because they have been observed in rams 3 weeks and 8 weeks after 
the onset of symptoms (Baynes and Simmons 1968).
The present work indicated that lesions induced by A. seminis 
could not be differentiated from other similar infections (Section I) nor 
from an incidental infection with C. pyogenes during this study. Similar 
findings on the experimental intratesticuIar transmission of A. seminis 
in rams have been reported by Baynes and Simmons (I960, 1968).
GENERAL DISCUSSION
In the present study pathological and microbiological examinations 
were carried out on the scrotal contents and included an examination of normal 
and abnormal spermatogenesis. The study was done by examining 2,658 Merino 
rams which were culled from breeding flocks and slaughtered at an abattoir in 
Western Australia. The general information on these rams revealed that they 
originated from various parts of the State, they were usually culled in small 
numbers from a large number of farms and culled usually for sub-standard 
fleeces rather than abnormalities of the scrotal contents. The culling of 
the rams was usually done either by the farmer or a professional sheep 
classer. The rams were classified into age groups ranging between 9 months 
and an aged group, or rams older than 4 years of age. The use, in this 
study, of a large number of rams of wide age range and having normal or 
abnormal scrotal contents was considered to be suitable for studying the 
Merino ram throughout its breeding life.
Studies were carried out on the normal tissue of the scrotal 
contents in 1,358 rams. Emphasis was given to the study of macroscopic 
appearance, normal testicular weights and, in 24 rams, histology. The 
latter included a special examination of spermatogenesis. A review of the 
literature revealed that no previous attempt has been made, in Australian 
Merino rams, to study normal spermatogenesis in the breeding ram except for 
Watson et aj_ (1956) and Sapsford CI959, 1962a) who used 110 Merino rams 
aged between I week and 16 months, to study histogenesis of the seminiferous 
epithelium. In the present study the large number of rams used and their 
wide age range complement the work of Watson et_ aj_ (1956) and Sapsford 
CI959, 1962a). The results of the study showed a highly significant 
difference (P< 0.001) between the mean testicular weight in each age group.
The validity of gross examination for selecting normal testes 
was supported by histological examination and by the highly significant 
differences in mean testicular weights between the normal group and the 
group classified as testicular atrophy/hypoplasia. The classification of 
seminiferous tubules into one of 3 groups, based on the 3 stages of the 
spermatogenic cycle, was reliable and gave meaningful results. There were 
no significant differences, between age groups of rams, in the numbers of 
seminiferous tubules at stages I to 3. It was concluded (q.v. page 63). 
that 3 stage classification was a useful modification of the 8 stage cycle 
of Ortavant’s (1959). There was a slight increase in interstitial fibrous 
tissue in the testes of older rams but this was considered to be of such a 
low amount that it would contribute little to the increased weights observed 
in older rams. It is believed that the large amounts of fibrous tissue 
in testes of older rams observed by Hooker (1944) indicated incipient 
testicular degeneration (Jubb and Kennedy 1970).
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The information gained by the study of normal testes in 1,358 
rams provided the basis for the pathological and microbiological examination 
of 923 with abnormal scrotal contents.
The most frequently occurring lesion (20.6$ of the total examined) 
was adhesion between the parietal and visceral layers of the tunica 
vaginalis. Adhesions were usually present alone, as 68$ of the testes 
with adhesions had no other lesions. Adhesions were not usually 
associated with testicular degeneration. However, severe adhesions would 
be expected to predispose to testicular degeneration by interfering with 
the normal thermoregulatory mechanism of the scrotum and vascular supply of 
the testis (Crew 1922; Moore and Quick 1924; Harrison 1949; Harrison and 
Weiner 1949; Kirby 1953; Dahl and Herrick 1959; Waites and Moule I960,
1961; Waites 1962; Waites and Voglmayr 1963). It was concluded that 
adhesions are usually caused by trauma as 84$ of the adhesions occurred in 
the tail of the epididymis or ventral part of the testis, areas which are 
vulnerable to trauma in the ram.
Macroscopic calcified lesions were observed in 13.8$ of the 
rams examined. Calcification was observed in'. Merino rams by Gunn et a I 
(1942) and Miller and Moule (1954) but these workers did not report any 
histopathologica1 findings. Dystrophic calcification of degenerated 
spermatozoa was usually confined within the seminiferous tubules. Similar 
observations have been commonly reported in the bull and goat (Webster 1932; 
Lancaster 1956; McEntee 1958; Jubb and Kennedy 1970; Nieberle and Cohrs 
1967). There was a high incidence of calcified specks, 80$ of the total 
with calcification, in otherwise normal testes. This observation has 
also been made in bulls (Rao 1971). Also there was a higher incidence 
of dystrophic calcification in older rams than younger rams. This has 
been observed by others in rams (Gunn et_ aj_ 1942; Miller and Moule 1954) 
and bulls (Barker 1956; McEntee 1958; Rao 1971). It was concluded that 
this condition in older rams could result from the production of high 
numbers of abnormal sperm heads and reduction in contractile properties 
of the testis (Rao 1971) or ageing of sperm due to prolonged passage in 
the male genital tract (Bishop 1970).
The validity of the method for selecting testes with testicular 
atrophy or hypoplasia was supported by subsequent histopathologicaI 
examination and by the finding that these testes had lower mean testicular 
weights than normal testes in each age. The results of gross examination 
alone indicated that testicular atrophy had a higher incidence than testicular 
hypoplasia because testicular atrophy/hypoplasia increased in incidence with 
age. This indication was confirmed by histopathotogicaI examination of
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sections from which it was found that 45 of the 48 (90$) sections selected 
from all age groups had atrophy. Atrophy was present in all age groups 
except the ram lamb group and the incidence increased with age. This 
indicated that factors such as high ambient temperatures caused testicular 
degeneration which began during the first summer and became more severe with 
continuous exposures to high temperature at subsequent summers. Senility 
changes would be expected to be an additional cause of testicular atrophy in 
the aged group. These rams represented those with irreversible damage, in 
contrast to those rams which have impaired semen quality and fertility during 
hot months of the year (Gunn et_ aj_ 1942; Smith 1962). Testicular degeneration 
is well documented in laboratory animals after exposure of their testes to 
high temperatures (Fukui 1923a, b; Moore 1924b; Moore and Oslund 1924a, b; 
Young 1927). However, it is remarkable that despite the considerable 
amount of research that has been done on the effects of high temperature on 
fertility of the Merino rams in Australia, little or no attention, except by 
Waites and Ortavant (1968), has been given to examination of testicular 
tissue of these rams for abnormal spermatogenesis. The degenerative changes 
observed in the testicular tissue of the rams here have been commonly 
documented by others (Nieberle and Cohrs 1967; Jubb and Kennedy 1970). The 
uniform brown colour seen in atrophied testes and testes of normal older rams 
was the result of wear and tear pigment granules in the interstitial tissue.
age. The incidence was low compared to testicular atrophy. However some 
difficulty was experienced in distinguishing between testicular atrophy 
and testicular hypoplasia, even on histopathoIogicaI examination. It is 
possible that testicular hypoplasia occurred more frequently than was 
indicated in this study and that this condition preceded testicular 
degeneration (Jubb and Kennedy 1970). Testicular hypoplasia of a similar
not observed here. It has been induced in experimental rams on zinc 
deficient diets in Western Australia (Underwood and Somers 1969).
The mean testicular weights of testes with atrophy/hypoplasia were 
highly significantly iess (PC 0.001 in all age groups) than the mean weight
Testicular hypoplasia was observed in rams less than 2 years of
Swedish cattle (Lagerlorf 1934; Knudsen 1961a, b) was
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of normal testes. It was concluded that most of the younger rams had 
hypoplastic testes, the older rams had testicular atrophy and that rams 
midway between these ages represented either one of these conditions.
These results are expected, although it has not been reported in previous 
studies because histopathoIogicaI examinations were not carried out.
Congenital retention cysts were present in 5.9$ of the rams 
examined. They were always located at the antero-ventraI border of the 
head of the epididymis and had a similar macrosc.opic appearance to small 
retention cysts seen in kidneys of domestic animals. They were considered 
to be embryo IogicaI aberrations of the mesonephric tubules of the original 
mesonephros (Wolffian body). They had some similarity to hydatids of 
Morgagni (Robinson 1898; Michelsen 1949; Murnaghan 1959; Willis 1962) 
also known as appendix epididymis (Sundasivarao 1953) which are commonly 
seen in the epididymis of man.
Cryptorchidism had a higher incidence in this study of 
abattoir specimens (4$) than reports on some previous clinical surveys 
(Gunn et_ a_l_ 1942; Mi I ler and Moule 1954) but was simi lar to another 
clinical survey (Moule 1950). Testicular degeneration was similar in 
this study to that reported by previous workers (Nieberle and Cohrs 1967; 
Jubb and Kennedy 1970).
Chronic epididymitis including spermatic granuloma formations, 
and abscesses of the scrotal fascia could not be distinguished grossly 
when lesions were present near the epididymis. Microscopic examination 
of smears from these lesions established that 94$ of them were chronic 
epididymitis and not abscesses. The incidence of chronic epididymitis 
was 2$ of the total and bacteria were isolated from 25$ of these.
Bacteria therefore did not appear to be important aetiological agents in 
chronic epididymitis; trauma was considered to be the most important 
cause. The low incidence of chronic epididymitis in these rams compared 
to Merino rams in Queensland and New South Wales (Miller and Moule 1954;
95.
Murray 1969) probably was a reflection of the minor importance of Br. ov i s 
in Merinos of Western Australia compared to the eastern States. Br. ovis 
was not isolated and the low incidence in Western Australia was confirmed 
by a subsequent serological examination of 377 rams. The failure to 
isolate Br. ovis from 2,658 Merino rams is in contrast with British breeds 
of sheep in Western Australia (Craig, J.F., 1967 pers.comm.) which 
suggested breed susceptibility to the infection or difference between 
environments under which Merinos and British breeds are usually grazed.
The incidence of varicocoeles was found to increase with age 
in the rams examined. In man there is a high incidence of unilateral 
varicocoeles on the left side (Davis at 1966; Tessler and Krahn 1966); 
no such tendency was found in the Merino rams examined. Waites and Moule 
(1961) found that thermoreguIatory mechanisms operated by transference 
of heat from the spermatic arteries to the veins. The presence of 
varicocoeles was significantly related (P<0.05) to testicular degeneration. 
These changes probably resulted from interference with transfer of heat 
from spermatic arteries to veins.
A seminoma was identified in tissue sections from a testis 
which had the macroscopic appearance of testicular atrophy. The 
miscroscopic appearance of the seminoma in the present study resembled 
previous descriptions in the dog by Dow (1962) and Shortridge and Cordes 
(1969). This was the only tumour found, and it is clear that neoplastic 
conditions are of little or no significance in infertility of Merino rams 
in Western Australia.
An important part of this work was to estimate the number of 
rams with abnormal spermatogenesis and the likely effects of this upon 
ferti Iity. It was estimated that 407, or 17.7$ of the rams examined, had 
abnormal spermatogenesis. The testicular abnormalities which were 
associated with abnormal spermatogenesis and the incidence of them compared 
to the total rams examined were: testicular atrophy 12.4$, cryptorcnidism
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4.0$, testicular hypoplasia 1.3$. The severity of changes in spermatogenesis 
varied. It was estimated that 12.4$ of the total rams examined had severe 
changes and 5.3$ had milder, more subtle changes of one or both testes.
The latter group had normal seminiferous epithelium but there was increased 
interstitial fibrosis. This was considered to impair spermatogenesis in 
a quantitative sense.
The fert i Ii ty of all rams with abnormal spermatogenesis 
(407 or 17.7$) was considered to be impaired. The extent of impairment 
depended upon the severity of the abnormal change in spermatogenesis and 
whether it was unilateral or bilateral. Testicular atrophy/hypoplasia 
was bilateral and of mild (2+) to severe (4+) severity in 176 rams (Table 12). 
Bilateral cryptorchidism was present in 35 rams (Table 14). These 211 or 
9.3$ of the total examined, were likely to have seriously impaired 
fertility because they were bilateral lesions and they had testicular 
degeneration on histopathoIogicaI examination. The other 8.4$ prouably 
had impaired fertility.
Another aim of this study was to estimate the incidence of
palpable and non-palpable lesions resulting from a clinical examination,
and assess the effect of these lesions upon fertility. The main lesions
and
which were unlikely to be detectable,/their severity and incidence, were 
as follows:
Adhesions (1+) alone 205
Calcification alone 138
Testicular atrophy/hypopI asia (1+ and 2+) 214
Congenital retention cysts 103
TotaI 660
These 660 rams represent 28.9$ of the total examined. There was an overall 
incidence of 40.4$ of rams with abnormalities. Therefore probably 11.5$
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of the total rams in the study would have detectable lesions on palpation 
of the scrotal contents upon clinical examination. This figure of I I.5% 
is closely comparable to those in clinical surveys (Gunn at 1942;
Miller and Moule 1954).
The only I es ionscompatibIe with impaired fertility and which 
probably would not be detected on clinical examination were testes with 
testicular atrophy/hypoplasia of slight (1+) or mild (2+) nature. As 
noted these lesions were detected only after incision and examination of 
the cut surfaces. There was an estimated 214 rams of this type or 9.4$ 
of the total examined. Histopathological examination revealed that most 
of the testes with slightly increased consistency (1+) had little or no 
degenerated spermatogenic cells but did have increased interstitial fibrous 
tissue which indicated impaired fertility in the quantitative sense. 
Examination of mildly affected (2+) testicular tissue revealed both 
degeneration of spermatogenic cells and increased fibrous tissue which 
indicated more serious impairment of fertility. It was estimated that 
4.1$ of all the rams (2,281) examined, had mildly increased (2+) 
testicular atrophy/hypoplasia of both testes (Table 15) and therefore the 
expected impairment to fertility would be more severe than the remaining 
group of 5.3$ with slight or unilateral lesions.
Based upon histopathological examination of samples of testicula 
tissue the following estimations were made on the total number (2,281) of 
rams examined:
(a) There were 17.7$ with abnormal spermatogenesis which 
varied from ram to ram and was either unilateral or 
bilateral in each ram. Of these, 12.4$ had severe 
disruption of spermatogenesis and 5.3$ had mild disruption.
(b) All of the above 17.7$ had some impairment of fertility,
9.3$ had serious impairment of fertility and 8.4$ has less 
serious impairment - this estimate was based on whether the
lesion, in the above 17.7% of rams was bilateral C9.3%) 
or uni IateraI (8.4%).
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(c) Scrotal palpation during clinical examination of rams 
probably would have resulted in detection of 11.5% of rams 
showing some lesion. Pathological examination revealed 
that 40.4$ of rams actually had lesions. Therefore 28.9$ 
would have been undetected on clinical examination.
(d) Of these undetected 28.9$, 9.4$-were considered to have 
some impairment of fertility, and -
(i) 4.1$ had severe impairment - based on severity
of the testicular degeneration and bilateral 
nature of the lesion;
(ii) 5.3$ had little impairment - these were 
uni lateraI Iesions.
(e) 17.7$ had impaired fertility; 9.4$ would have been undetected 
and 8.3$ would have been detected on scrota! palpation of the 
testes; 4.1$ would have been undetected and had serious 
impairment of fertility (q.v. d(i) above).
(f) 9.3$ had serious impairment of fertility (q.v. b above) 
and of these 4.1$ would have been undetected (q.v. e above) 
and 5.2$ would have been detected on scrotal palpation of 
testes.
Most of these 4.1$ (undetected on scrotal palpation) should 
be detectable by examination of semen samples collected by electro­
ejaculation. However, it may be difficult to assess accurately fertility 
based on appraisal of semen samples (Watt 1966), especially those obtained 
by electro-ejaculation (Mattner and Voglmayr 1962; Lightfoot 1965 - pers. 
comm.). One collection could be misleading. Edgar (1959a) found that at
least three samples over a period of at least 6 weeks may be necessary 
before giving an adverse fertility prediction.
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With the above in mind it would be questionable if, as a 
general policy, attempts were made on a 1 I sheep breeding properties to 
detect these 4.1$ of rams by the use of semen samples obtained from rams 
by electro-ejaculation. Therefore, as a general policy to the sheep 
breeding industry, scrotal palpation of the scrotal contents is probably 
sufficient to detect most infertile rams and the use of semen sampling 
as well is not recommended. However, semen sampling could be used where 
high monetary value of rams warranted such aids for prediction of 
fert i Ii ty.
GENERAL SUMMARY
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The scrotal contents from 2,281 culled Merino rams of known age 
and slaughtered at a local abattoir were examined for gross pathological 
changes. The rams were culled mainly for substandard fleeces. All testes 
and epididymides were weighed. The scrotal contents were divided into two 
groups, depending on the absence or presence of lesions. A sample of both 
groups was then examined histologically to determine the nature of the 
lesions present and to relate these lesions to the effect on spermatogenesis.
In addition, any scrotal contents with evidence of infectious lesions were 
cultured for bacterial pathogens. A further group of 377 rams, not 
included in the above examination, was examined for evidence of Bruce I la ov i s 
infection by the Complement Fixation test.
The number of rams examined, the examinations made, and the findings 
are summarized below.
1. Of the scrotal contents examined macroscopicaI Iy from 2,281 
rams, 1,358 were considered normal and 923 abnormal. The gross abnormalities 
encountered included testicular atrophy (or hypoplasia), adhesions of the 
tunica vaginalis, calcification of testicular tissue, cryptorchidism, 
congenital retention cysts in the head of the epididymis, chronic epididymitis 
(or abscesses of the scrotal fascia), varicocoeles, and testicular aplasia.
2. Testicular weights of the normal groups were found to increase 
significantly in each age group up to and including the aged group.
3. A histological study of spermatogenesis, and the amount of 
fibrous tissue present, in 24 normal testes was made and compared with 
spermatogenesis and the amount of fibrous tissue present in 54 abnormal testes. 
Although 8 stages of the spermatogenic cycle could be identified in the 
normal testes, spermatogenic activity of the seminiferous tubules was 
described and classified into 3 stages: (a) pre-meiosis, (b) meiosis,
and (c) post-meiosis. The method of assessing spermatogenesis in these 
3 stages proved to be simple and reliable for assessing normal or abnormal 
spermatogenesis. No significant changes in the spermatogenic cycle could 
be detected between the testes of 4 rams examined from each of the 6 age 
groups. The interstitial fibrous tissue in the testicular parenchyma 
increased from \ % in younger rams to 2% in older rams.
4. Testes were classified into the atrophy/hypopI asia group 
based on their firmness upon palpation. The mean testicular weights were 
subsequently found to be significantly less than normal testes.
5. HistopathologicaI examination was done on 116 sections from 
60 rams with various gross abnromaIities of the scrotal contents. The
abnormalities present on histopathoIogicaI examination and their estimated 
incidence expressed as a percentage of the total number of rams examined 
in this study were: Adhesions 20.6; dystrophic calcification of sperm 13.8; 
testicular atrophy 12.3; congenital retention cysts 5.9; cryptorchidism 4.0; 
chronic epididymitis 2.0; varicocoeles 2.0; testicular hypoplasia 1.3; 
abscesses of the scrotal fascia < 1.0; testicular aplasia 1.0; testicular 
hypertrophy <( 1.0; seminoma < 1.0.
6. Special examination for spermatogenesis revealed that abnormal 
spermatogenesis was present in those testes considered to be firmer than 
normal when palpated (17.7% of the total rams examined). The testicular 
abnormalities present in these testes and their incidence, expressed as a 
percentage of the total rams in the study were: testicular atrophy 12.4; 
cryptorchidism 4.0; testicular hypoplasia 1.3.
The incidence of testicular atrophy was significantly higher 
than normal testes when the following abnormalities were also present: 
varicocoeles, chronic epididymitis and abscesses of the scrotal fascia.
7. It was estimated that 28.9# of the rams had abnormalities of 
the scrotal contents which were unlikely to be detected by clinical palpation. 
These abnormalities were: slight adhesions, slight to mild testicular atrophy 
or testicular hypoplasia, calcification of testes and congenital retention 
cysts of the epididymis. The 11.5# likely to be detectable compares closely 
with the incidence reported in clinical surveys.
8. Estimates were made of the number of rams present with 
impaired fertility. All of the rams included in the 17.7# with abnormal 
spermatogenesis were considered to have impaired fertility; 9.3# had serious 
impairment and 8.4# had less serious impairment.
9. The incidence of rams with impaired fertility and not detectabl 
on clinical examination was estimated to be 9.4# of the total rams examined, 
of which 4.1# had seriously and 5.3# had less seriously impaired fertility. 
Many of these rams could be detected by the examination of semen samples for 
the presence of poor semen quality. However, as a general policy, this 
practice was not considered to be economical for sheep breeders.
10. It was concluded that the detection of most infertile rams may 
be achieved by clinical palpation of the scrotal contents. The use of any 
additional methods for routine culling of rams in commercial flocks is 
considered to be of questionable economic value to the sheep grazier.
11. No serological evidence of Br. ovis infection was encountered 
in the 377 Merino rams examined, nor was there any cultural or histological
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evidence of infection by this organism in 10 animals with spermatic granulomas. 
However, an unclassified Gram-negative organism resembling Act i nobac i I I us 
seminis was isolated from spermatic granulomas of 3 rams.
Macroscopic examination of 2,281 rams in the first series 
revealed 47 rams with non-specific chronic epididymitis or other lesions 
suggestive of Br. ov i s infection. However, microscopic examination of smears 
and cultural and histopathoIogicaI examinations for Br. ov i s failed to yield 
positive results.
12. Inoculation of a known strain'of A. seminis into the epididymis 
and testicular parenchyma of 3 Merino rams produced epididymitis in 2 rams but 
no infection of the testicular parenchyma in either ram. The organism was 
recovered from the semen of the 2 rams.
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FIGURES I -
Figure I
Figure 2
9 NORMAL TESTIS AND EPIDIDYMIS
Normal Testis - lateral surface (A); Medial 
surface (B); tail of epididymis (C); 
vas deferens (arrow).
r
Sagittal section showing cut surfaces of testis and 
epididymis. Note granular appearance, lack of 
fibrosis and turgid appearance of testicular 
tissue (A), mediastinum testis (arrow); tail 
of epididymis with lack of fibrous tissue and 
turgid appearance (B).
V
 »
FIGURES 3 - 9 HISTOLOGY OF TESTICULAR TISSUE AND SPERMATOGENIC CYCLE
Figure 3 Normal T esticu la r Tissue. Note seminiferous Tubules (A 
and sparse in tertubu lar fibrous Tissue. H & E x 75.
FIGURES 4 -- 9 SPERMATOGEN1C CYCLE (ORTAVANT 1959)
Figure 4 Stage 1: Note one set of round spermatid nuclei (A).
Figure 5 Stage 2 ; Spermatid nuclei (A) beginning to elongate.
Figure 6 Stage 3: Bundle formation of spermatids (A).

Figure 7 Stage 4: Meiotic divisions of primary spermatocytes (arrow)
Figure 8
Figure 9
Stage 5-8: Post-meiosis. Note newly formed second 
generation of spermatids (arrow).
Stage 7-8: Note centripedal movement of spermatids then 
formation of immature spermatozoa (arrow)

FIGURES 10-48 PATHOLOGY OF TESTIS AND EPIDIDYMIS
r'
Figures 10-21 Testicular Degeneration
Figure 10 Testis 1: Severe widespread adhesions of tunica
vaginalis (A); enlarged tail of epididymis 
due to chronic epididymitis (B); testicular 
atrophy (C).
Testis 2: Severe testicular atrophy (C).
Figures I I & 12 Macroscopic Appearance
Figure II Note 1: Calcium salts in testicular parenchyma in 
moderate amounts.
Note 2: Testicular atrophy, indicated by lack of 
granularity. , .
Figure 12 Severe testicular calcification
Figure 13 Dystrophic calcification of sperm in lumens of 
degenerated tubules (1). Note the reduction in 
size of these tubules. H & E x 180.
Figure 14 Higher magnification of Figure 13. Calcified sperm 
in tubules (1). Von Kossa x 300.

Figure 15 Severe degeneration of seminiferous epithelium, 
basal layer (A). Less severely affected tubule 
H & E x 300.
Figure 16 Seminiferous tubules (A) surrounded by marked 
interstitial fibrosis (B). Massons x 150.
F igure 17 Calcification of sperm and degeneration (1) of 
testicular epithelium in tubules. Marked 
interstitial fibrosis (2). H & E x 300.
Only 
(B).
Figure 18 Lower power view of Figure 17. 
fibrosis (A). Massons x 150.
Note interstitial

Figure 19 Moderately severe testicular degeneration. Desquamation
of seminiferous epithelium. Note mu 11inuc1eated forms
*
(arrow) in a
seminiferous tubule at stage 3 of the spermatogenic 
cycle (Ortavant 1959). H & E x 400
Figure 20 Severe testicular degeneration. Only a layer of 
Sertoli cells (arrow) remain in the seminiferous 
tubule (A). H & E x 400.
Figure 21 Similar to Figure 20. Sertoli cells only (arrows)
in seminiferous tubules (A and B). H & E x 400.

122.
Figure 22
FIGURES 23 
Figure 23
Figure 24 
Figure 25
Figure 26
Cryptorchid testis. Note vacuolated areas which 
probably are degenerated cells of the spermatogenic 
line. FI & E x 400.
30 SEMINOMA OF THE TESTIS
Neoplastic cells in discrete seminiferous 
tubules (A) and showing local invasion (B).
H & F*x 35.
>
Higher magnification of Figure 23. H & E x 150.
Neoplastic cells in seminiferous tubules (A).
Note I. The affected tubules (A) are small and
have an indistinct basement membrane (arrows). 
Note 2. Adjacent tubules (B) showing normal
differentiation of spermatogenic cells at 
stage I (Ortavant 1959). H & E x 150.
Higher magnification of Figure 25. Note peritubular 
fibrosis (arrows), small tubules containing neoplastic 
cells (A) and others with virtually no seminiferous 
epithelium (B). H & E x 300.
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Figure 27 Large masses of closely adhering darkly staining 
undifferentiated neoplastic cells in a seminiferous 
tubule (A). H & E 950.
Figures 28 & 29 Seminiferous tubules packed with neoplastic cells.
Some neoplastic cells are closely adhering (A) whilst 
others have a more discrete and developed cytoplasm 
(arrows Figure 28). Mitotic figures are present (C, 
Figure 29). H & E x 950.
Figure 30 Severely degenerated seminiferous tubules (A) 
surrounded by a mass of neoplastic cells. Note 
mitotic figures (arrows). H & E x 950.

FIGURES 31
Figure 31
Figure 32
Figure 33
-33 NORMAL MICROSCOPIC APPEARANCE OF THE EPIDIDYMIS
Transverse sections of epididymal duct containing 
spermatozoa (A). Note the meagre amounts of 
intertubular fibrous tissue (arrow). H & E x 35.
Transverse sections of epididymal duct showing 
epithelium (arrows) and accumulation of sperm (A). 
H & E x 150.
High power view of duct seen in Figure 32 showing 
two adjacent parts of the epididymal duct 
epithelium (A and B). The epithelium (C) is a 
single layer, tall columnar type with cilia on 
some cells (arrow). Note the prominent apical 
cytoplasmic zone.

125..
Figure 34 Enlargement of tail of epididymis (A). The other
epididymis is normal.
« ¿a
Figure 35 Sagittal surface of testis and epididymis. Note
spermatic granuloma formation in tail of epididymis 
before (A) and after (B) removal of the contents.
Note I. Well developed capsule (B).
Note 2. Normal testicular tissue (C).
Figure 36 Spermatic granuloma in the head of the epididymis (arrows).
Figure 37 Spermatic granuloma in the head of the epididymis (arrows). 
Note enlarged fibrotic tail of epididymis and accumulations 
of semen (A).

FIGURES 30-43 HISTOPATHOLOGY OF CHRONIC EPIDIDYMITIS AND SPERMATIC
GRANULOMA FORMATION. AETIOLOGY A. SEMIN IS.
Figure 38 Epididymal duct showing marked variation in size (A). 
Extravasation of sperm into interstitial tissue (B). 
Marked fibrosis of interstitial tissue (C). H & E x 35.
Figure 39 Whorled static spermatozoa (A). Undulated appearance 
of epididymal epithelium (B). H & E x 400.
Figure 40 Extravasation of sperm into interstitial tissue (A). 
Note vacuolated degenerated epithelium (B).
H & E x 400.
Figure 41 Interstitial tissue with fibrous tissue and scattered 
mononuclear cells (A) adjacent to a massive accumulation 
of polymorphs and sperm CB). H & E x 400.
Figure 42 Higher magnification of Figure 41, showing granulation 
tissue (A). H & E x 950.
Figure 43 Higher magnification of Figure 41, showing accumulation 
of plasma cells (arrows). H & E x 950.

FIGURES 44-48 CONGENITAL RETENTION CYSTS IN THE HEAD OF THE
EPIDIDYMIS
Figure 44 Dorso-anterior aspect of testis and epididymis. 
Note clear cysts (arrows) at base of head of 
epididymis (A) in both testes.
Figure 45 Cysts (arrows) slightly more dorsal but at outer 
edge of head of epididymis (A). Note otherwise*.' 
normal testis.
Figure 46 Same cysts as in Figure 45 after incision to 
reveal discrete fibrous tissue capsule (arrows). 
Clear watery fluid was present. Note otherwise 
normal appearance of epididymis (A) and testis (B).
Figure 47 Low power view of discrete cystic structure lined 
by an epithelial layer (arrow). H & E x 15.
Figure 48 High power view of the inner layer of the cyst which 
closely resembles normal epithelium of the vasa 
efferentia. Note that the single layer of cells is 
flattened and possesses well developed cilia (arrow) 
H & E x 1125.

Figure 49 Severe bilateral varicocoeles (arrows) in spermatic 
cord.
F igure-50 Varicocoele in spermatic cord (A) and spermatic 
vein under the tunica albuginea (arrows).
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Fi gure 51 Graph dep icting the ra t io  of a 
t e s t i c u la r  weight in (a) norrra 
(b) those with atrophy / hypop
ge of ram, to mean 
I paired tes tes  and 
I as i a .
